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urgency to see around the next corner. 
WATCO subscribes to this policy. 
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The number one choice 
for the pre-stressed 





industry! 


THE SMITH TURBINE “TYPE MIXER 


The Smith Turbine Mixer—proved successful in over 100 
installations — is a compact, lightweight, vibrationless mixer 
that can be easily installed in your batching operation. 





qReE ERNE RETYENNT Ee 


If you’re building a new plant, use of the Smith Turbine 
permits lighter, lower, less expensive structures. 


If you’re converting an old plant, the Turbine can 
frequently be installed without extensive, major modifica- 
tions — in places where no other mixer will fit! 


Cycle time with The Smith Turbine is fast enough to charge 
up to 20 trucks an hour. What’s more, the Turbine can 
discharge in four different directions, allowing you to 
alternate wet and dry mixes — handle pre-stressed 
ready-mix, block, or pipe batches all in the same machine. 





Investigate the Smith Turbine. Write or call — we'll gladly 
tell you in detail how others are finding it the ideal way 
to beat competition while supplying higher-quality concrete. 


\ 
Making dollars and sense in over 100 successful installations! I 
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Since 1900, the pioneer designer and foremost a 

manufacturer of the world's finest mixers 
THE T.L. SMITH COMPANY 2 
Milwaukee 1, Wisconsin «+ Lufkin, Texas 

Affiliated with Essick Manufacturing Company, Los Angeles, Calif. 

A9-4073-A d 
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QUALITY BRANDED, FULLY GUARANTEED 





PRESTRESS WIRE AND STRAND 


Who makes it? Sumitomo Electric Industries, 
Ltd., the largest manufacturer of wire and 
cable in the far east — established in 1897 — 
and known the world over. 


What about quality? All wire and strand is 
made to ASTM specifications and fully 
guaranteed—your assurance of high quality. 


Who imports & distributes it? We do— Kurt 
Orban Company, Inc. We've imported a 
million tons of steel and steel products in 
the last ten years, plus all types of precision 
machine tools and industrial equipment. 
We've supplied some 2000 accounts — in- 
cluding some of the best known names in 
this hemisphere—with everything from nails 
to complete plant installations. 


Who guarantees it? We do—Kurt Orban 
Company, Inc. Our reputation, our ex- 
perience and our resources are behind this 
guarantee. A Kurt Orban representative is 
always just a phone call away. 





crs i U RT ORBAN 


Member of Prestressed Concrete Institute 
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Who buys it? Major prestress contractors in 
the U.S. have ordered and re-ordered, con- 
tractors who value quality. How about you? 


KOC products for Prestressors: 
Wire—ASTM A-421-58T 
Strand—ASTM A-416-57T 

Test Certificates Supplied 
Wire rods—ASTM A-15-54T 
Bright wire—ASTM A-82 
Reinforcing bars—ASTM A-15-547 
and ASTM 305 


Send for this 
booklet today 
Plus “How to Be 
At Home With 
Products Made 
Abroad”, the story 
of the Kurt Orban 
Company, Inc. 





34 Exchange Place, Jersey City 2, New Jersey 
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NOW... 


Every LACLEDE Multi-rib Reinforcing Bar 
is Marked to Show SIZE and STRENGTH... 
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33,000, 40,000, 50,000 psi 60,000 min. psi 75,000 min. psi = 'y, 
ASTM (A15) ASTM (A432)* ASTM (A431)* 





Standard high strength steels* permitting greater economy and efficiency in 
reinforced concrete design under the provisions of the new A.C.I. codes 

must be identified. Recognizing this need, each Laclede Multi-rib reinforcing 
bar can now be completely identified as to size, strength and origin through 
a new rolled-in marking system. This assures the designer, contractor, and 
code writer that the proper grade of reinforcement is used on the job. 







Demand these new time-saving Laclede bars for your next construction job. 


LACLEDE STEEL COMPANY 


SAINT LOUIS, MISSOURI * Producers of Steel for Industry and Construction 
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| VOIDED precast, prestressed concrete 
| piles cost less, weigh less, handle easier! 











ss ek aed 
Voided piles used in 
bridge construction 


Form VOIDS in precast piles and deck slabs with 


SONOCO 








SONOVOID |, 
FIBRE TUBES 


Used in precast, prestressed concrete piles and deck slabs, Sono- 
voip Fibre Tubes displace low-working concrete at the neutral axis. 
Such voids reduce weight and save concrete and reinforcing steel 
without diminishing structural strength. 

For example: A 21” x 21” x 100’ conventional concrete pile weighs 
45,900 Ibs. A pile of the same dimensions and structural strength, 
voided with a 12’’ O.D. Sonovoip Fibre Tube, weighs only 34,200 
Ibs. Voids thus save materials while providing a lighter weight unit 
that is easier to handle, place, or drive. 

Sonoco SONOVoOID Fibre Tubes are specifically designed to form 
voids in floor and roof slabs, lift slabs, and deck slabs as well as in 
precast, prestressed units. They are low in cost, lightweight, and 
























































ooo quickly placed and tied down. Available in sizes 2.25"’ to 36.9" 


O.D., with or without end closures. Order standard 18’ lengths or 
required lengths —can be sawed. 


For complete information, design tables, and prices, write 


SONOCO PRODUCTS COMPANY, HARTSVILLE, SOUTH CAROLINA «+ La Puente, Calif. * Fremont, Calif. 
* Montclair, N.J. © Akron, Indiana * Longview, Texas ¢ Atlanta,Ga. * Brantford, Ont. * Mexico, D.F. 
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Box Beams for Tennessee Highway 
Have Sinews of Bethlehem Strand 


This photograph, taken at Dixie 
Concrete Pipe Company, Inc., Nash- 
ville, Tenn., shows the manufacture 
of box beams for the Interstate 
Highway Project, currently under 
way in Putnam County, Tenn. 

The 41 %-in. diameter stress- 
relieved strand pattern, used in each 
member, is initially stressed with a 
force of 287 tons. The beams, 78% 
ft long, 42 in. deep, and 36 in. wide, 
are designed to support an H20-S16- 
44 highway loading. 

Bethlehem Stress-Relieved Strand, 
manufactured to ASTM Specifica- 
tion A416-57T, has consistent, uni- 











form mechanical properties within 

each reel length, as well as from 

catload to carload. This consistency 
is the direct result of Bethlehem’s T 
close control over induction heat- m 
treatment and other phases of tk 
manufacture. ly 
We'll be pleased to give you the li 
full story on stress-relieved strand. fe 
Simply get in touch with the nearest u: 
Bethlehem sales office. & 
a 
al 
BETHLEHEM STEEL COMPANY p 
BETHLEHEM, PA. tl 
Export Distributor: : 

Bethlehem Steel Export Corporation 

ri 
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BETHLEHEM STEEL 


6 PCI Journal 
























POZZOLITH makes good > sie concrete better 


i ikea I caer ee | te id I) TTR bia = 


tig / 


7 
xX 


PONTECORVO CANAL—Owner: Electric Company of Rome « Designing Engineer: Ing. Silv ano yy 


Contractor: Farsura, both of Milan, Italy. 


Flexible concrete plates 


drape-shaped to line canal bed 
New technique uses prestressed POZZOLITH concrete 


The Pontecorvo Canal carries water five 
miles to this hydroelectric project owned by 
the Electric Co. of Rome, Italy. Because the 
canal crosses irregular terrain, running part- 
ly in fill and partly in cut, a flexible concrete 
lining able to adjust itself was specified. 

Inch-thick plates of prestressed concrete, 
four feet wide and up to 98 feet long, were 
used to line the paraboloid canal bed. A 
gantry crane gripped both ends of each 
precast plate, causing it to drape into a 
catenary curve when lifted. Placement and 
alignment of successive plates in the pre- 
pared mortar bed over the masonry base 
thus required a minimum of skilled labor. 
The joints were then sealed with non-shrink 
EMBEcO® mortar. 

Concrete for this project had to be du- 
rable, impervious and economical. To help 
assure this performance POZZOLITH was 


specified, because Ing. Silvano Zorzi’s pre- 
vious experience with it showed that 
POZZOLITH makes good concrete better. 
Here, Pozzo.itH in the mix reduced the total 
water content and improved all of concrete’s 
desirable qualities, giving less shrinkage, 
lower permeability and higher strength. 
Your local Master Builders field man will 
be glad to discuss your concrete require- 
ments with you, and show that PozzoLiTH 
concrete is higher in quality and more 
economical than plain concrete, or con- 
crete made with any other admixture. 


The Master Builders Company, Cleveland, Ohio 
Division of American- Marietta ‘_ 

The Master Builders Company, Ltd., Toronto, Ont. 
Represented in foreign countries by: 

Master Builders International, Nassau, Bahamas 
Division of American- Marietta, C.A. 

Branch Offices in all principal cities. 


Our SOth Year 


MASTER BUILDERS. 





*POZZOLITH is a registered trademark of The Master Builders Co. for its concrete 
admixture to reduce water and control entrainment of air and rate of hardening. 
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» BUILD IN '/2 HOUR! 
* LENGTHS TO 7 FEET! 
» LIGHTWEIGHT! 
EASY TO HANDLE! 
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Make it sienle. Make it fast. This new lightweight, self. It propelled screed is 
easily made in one-half hour — a handy, low-cost tool for use in prestressing 
and precasting plants . . . Just cut a piece of 4”, 5” or 6” channel iron to 
length (1 to 2 ft. wider than form) and weld a mounting bracket in the center. 
Mount a Topdog electric vibrator and you’re ready to work. Handles can be , 
added if desired .. . For complete information on this screed or other vibratory 
equipment, contact Vibro-Plus in Stanhope, N. J. 


FOR ADDITIONAL INFORMATION FILL IN AND RETURN THIS COUPON. 
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STANHOPE, NEW JERSEY ' 
WORLD'S LEADING MANUFACTURER OF VIBRATORY EQUIPMENT FOR OVER TWO DECADES! 


(A VIBRO-PLUS PRODUCTS, Inc. 
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Zaza River Bridge—Comision de Fomento Nacional, Cuba. This unique bridge, just completed in 
Las Villas, for the first time uses precast and post-tensioned concrete to form cantilever trusses. 
Mario G. Suarez—Arango y Salas, Designers and Engineers. Cia. Territorial y Constructora Celo 
S. A., Contractor. 


THE PROBLEM: How to prestress and assemble 
precast sections for a 300’ canti- 


lever concrete truss bridge with maximum efficiency and minimum cost. 


| THE SOLUTION: es First, use STRESSTEEL Bars to post- 
tension the vertical legs of each 


precast panel. Next, use STRESSTEEL Bars to form the top chord of each panel 
and hold the truss together during erection and pouring of bridge deck. Finally, 
with additional STRESSTEEL Bars, post-tension the entire assembly of panels 
through the bridge deck to form an integrated truss. 





Above—Truss panels precast at jobsite, 
one-on-top-of-other for accurate 
duplication. 

Right—Assembling truss panels, with 
STRESSTEEL Bars forming the top chord of 


each truss 
You will achieve superior results at substantial savings with STRESSTEEL because it is... 
@ Low in initial cost @ Easy to tension 
@ High strength alloy steel @ Low in labor cost 
Write for Technical Bulletin #1] Member—Prestressed Concrete Institute 


we 


STRESSTEEL CORPORATION 


221 Conyngham Ave. . Wilkes-Barre, Pa. 


Sales Offices: Minneapolis — San Francisco — Havana 
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LESCHEN 


PRESTRESS STRAND 


START OF TEST LOADING on two 80-foot prestressed girders. Each contains 26 Leschen Prestress 


Strands under tension. 








153-TON LOAD— more than four times design load. Deflection was 24 inches with no failure of 


concrete or strand. Test made for acceptability of 1400 girders for South Vietnam construction project. | 


Prestressed Beams withstand 


Prestressed concrete is unique. Its properties are a delight to creative architects 
and engineers. Thinner sections, longer spans, lower depth-to-span, longer 
cantilevering without ballast beams, reduction in weight, economy, architectural 


beauty. These and other advantages are a challenge to creative designers. 
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TALK WITH A NEARBY 
PRODUCER OF 





PRESTRESSED 
CONCRETE 





He can discuss technical problems, point 
to examples of prestressed construction in 
: your area, and advise on costs and delivery 
pf of beams from his yard. 














LOADS REMOVED—approximately 85% recovery of deflection immediately. Only hairline cracks 
evident. Designer—Capital Engineering Corp.; General Contractor—Johnson, Drake & Piper of 
Vietnam, Inc.; Technical Assistance—Freysinnet Co., Inc. 
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\4 , 
OR WRITE 
LESCHEN 


Leschen supplies producers with the ten- 
sioning material—prestress strand. To in- 
sure uniform production of highest quality 
tensioning steel, Leschen has installed the 
world’s newest and most modern wire mill 
and other specialized equipment. Write for 
literature giving typical uses and engineer- 
ing data. 

Leschen Wire Rope Division, H. K. Porter 
Company, Inc., St. Louis 12, Missouri. 


4x Design Load Test! 


S 
LESCHEN WIRE pf A] ROPE DIVISION 
1 
' H.K.PORTER COMPANY, INC. 
PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and 
pipe fittings, roll formings and stampings, wire rope and strand. 














Charles H. Dean, Jr., A.1.A. 


Dean & Purcell, Architects 
Jackson, Mississippi 


Mr. Dean is a highly ex- 
perienced and _ successful 
architect who pioneered 
the first large thin-shell 
concrete structure in Mis- 


sissippi 
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GUEST EDITORIAL 


Architecture has been described as “the most 
practical of the fine arts and the finest of the 
practical arts”. But architecture is also a science, 
and the measure of its success is often the meas- 
ure of the degree of harmony achieved between 
science and art. 

There is an important basic difference in the 
two which makes success in the practice of 
architecture extremely difficult, and indeed often 
makes it difficult to determine whether or not 
true success has really been achieved. For ex- 
ample, the basic science of mathematics presents 
problems which are capable of verifiable solu- 
tion. Any number of students, given the same 
mathematical data and the same problem to 
solve, may all be expected to arrive at sub- 
stantially the same answer. Architecture, on the 
other hand, cannot be reduced to formula; and 
solutions to problems which may prove quite 
satisfactory for one certain time, place and set 
of circumstances, may be a total loss for other 
times, other places, other circumstances. 

For these reasons architects are continually 
searching, not necessarily for the correct answer 
to their problems, but for a better answer. We 
seek better materials, better techniques, better 
applications, better answers for the same prob- 
lems we solved yesterday. Prestressed concrete, 
a most exciting element of this search, is cer- 
tainly one answer for today. 

It presents a new challenge to architecture for 
economy, form, and function. It is versatile, 
esthetic, and adaptable to creative design. Pos- 
sessing all the advantages of reinforced concrete, 
it affords greater strength in less space, a com- 
mensurate reducticn in weight, requires no main- 
tenance. It may not be the only answer. But it 
is a good one. And it will be hard to beat. 
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JOURNAL in brief 


A Challenge to the American Producer and Developer 
W. E. Dean 
The widely respected Florida bridge engineer tells producers that continued 


success will depend upon a high uality product at a low price. Engineers are 
also challenged to go beyond the low rise building and the short span bridge. 


Load Distribution on a Prestressed Concrete Slab Bridge 

A. C. Scordelis, W. Samarzich, and D. Pritz 
A two-way prestressed flat slab bridge (60’ span, 100’ wide) is load tested with 
a 35 ton truck. Actual behavior compared rather well with the elastic theory 


but transverse prestressing had no noticeable effect on the distribution of 
moments. 


Prestressing at Play 
Walter L. Lowry, Jr. 


The need for enlarging the Clemson stadium lead to the choice of prestressed 
concrete for the seating for economy and freedom from maintenance. 


Restarch on Shear Strength of Prestressed Beams 

M.A. Sozen 
Research at the University of Illinois indicates that web steel is essential to 
allow prestressed beams to develop their full ultimate moment and deflection. 


A Panorama of Prestressing in the United States 
James D. Piper 
The Walnut Lane bridge was built incorporating European techniques, but the 


American economy demanded that labor costs be reduced by mass production. 
Twenty-four photographs illustrate the U.S. development of prestressing. 


Average Concrete Stress Along Prestressing Steel in Presrtessed Concrete Beams 


Kenneth Kai-I Diao _ 


In estimating prestress loss due to shrinkage and creep it is necessary to 
determine the average concrete stress along the centroid of the steel. This 
procedure is made easier by the use of formulas for typical cases. 


Prestressed Concrete Airport Pavement 

J. P. McIntyre 
Prestressed concrete pavement has many important advantages over conven- 
tional pavement but to realize the full potential of this material more effective 
production methods must be developed. 


Research on Fatigue and Shear in Prestressed Concrete 
Robert F. Warner 


Prestressed beams, like all other materials, will fail at a repeated load that 
is considerably lower than a static load. If cracks are prevented, it is reason- 
ably certain that fatigue failure will not occur under working load. 


Tentative Recommended Practices for Grouting Post-Tensioned Prestressed Concrete 
Committee on Grouting of Post-tensioned Tendons 


The industry has long needed a guide for grouting and these recommendations 
are presented for review and comment. 
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The Challenge to the 


American Producer and Developer 


By W. E. 


W: have just heard descriptions 
of some of the unusual proj- 
ects that are typical of Prestressed 
Concrete at Work in many areas of 
the world. They constitute a chal- 
lenge to the American producer and 
engineer alike although, in listening 
to the work described by Mr. Piper, 
it seems that perhaps we have pre- 
sented some challenges to the rest 
of the world. Certainly, prestressing 
in this country has advanced with 
seven league boots in the short in- 
terval of time since the World Con- 
ference in San Francisco in 1957. 
At that conference, one of the 
speakers closed his paper by liken- 
ing prestressing to a youth just com- 
ing of age. In the two intervening 
years this industry has advanced so 
rapidly that we can flatly state that 
we have now attained a vigorous 
and lusty young maturity. 

Two years ago one disturbing 
problem was the lack of engineers 
trained in the design of prestressed 
concrete. Experience gained in the 
past two years, the inclusion of pre- 
stressed design in the curriculum 
of most engineering colleges and 
numerous short courses have gone 
a long way toward the elimination 
of this problem. The development 
of our own AASHO-PCI standard 
bridge beams has done much to in- 
troduce simplicity and uniformity 
in the design of short span highway 
bridges and to shorten design time. 


* Assistant State Highway Engineer ( Struc- 
tures), Florida State Road Department. 
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This frees the engineer for the more 
complex aspects of design. I have 
no doubt that this, plus an ever 
growing store of both technical and 
construction experience, is provid- 
ing better and better designs. 

In these last two years, the Ten- 
tative Recommendations for Pre- 
stressed Concrete, the work of Joint 
Committee 323 of the American 
Concrete Institute and the Ameri- 
can Society of Civil Engineers, has 
appeared and is being used as the 
basis of design for buildings and 
bridges. Although it is not a code 
and has, perhaps, a few shortcom- 
ings, it does provide a sound guide 
for design. A sub-committee of ACI 
is now putting it into code language 
and it is the basis of the tentative 
specifications for prestressed high- 
way bridges that has been distribut- 
ed by AASHO to all State Bridge 
Engineers. Railway engineers have 
provided for the design of pre- 
stressed railway bridges through the 
AREA Specifications. 

From this new found maturity we 
can safely claim the acceptance of 
past challenges and much broaden- 
ing of our future concepts. We are 
no longer thinking of 100-ft. spans 
as near the maximum in highway 
bridges. New York’s Oneida Lake 
Bridge with its 320-ft. span proves 
this. We can design and build spans 
of this length and more. We have 
the ability and confidence so nec- 
essary for major structures. Two 
years ago it seemed that the multi- 
story building market was best left 
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to reinforced concrete. But today 
we have ample use of prestressed 
concrete in two, three and four- 
story buildings. In Seattle, Washing- 
ton the 21-story Norton Building is 
under construction and additional 
planning is certain to be underway 
for other tall buildings. But with 
this accomplishment of real matur- 
ity have come several challenging 
and disturbing elements. Some of 
these have always been with us, 
others are new problems. 


To the Producer 


Now that some of the romance 
has been rubbed off prestressed con- 
crete by its intimate contact with 
the hard realities of day by day 
competitive living, we cannot ignore 
the fact that the quality of some 
commercially produced members 
often leaves much to be desired. 
This is not a blanket indictment of 
the industry but the frequency of 
complaints indicates that it is a seri- 
ous problem that must be recog- 
nized. There are already cases of 
plants going out of business due to 
this complaint. 

In prestressed concrete we have a 
competitive product. But the cost 
differential betweén it and compet- 
ing materials is so narrow that the 
consumer just won't tolerate shoddy 
workmanship. It is usually poor 
workmanship that is cause for com- 
plaint, not poor engineering. Al- 
though not. a manufacturer, I have 
seen many precasting plants, and 
the difference between good and 
bad workmanship is simply one of 
management attitude—not dollars 
and cents. If we're to maintain and 
develop this state of early maturity, 
steps must be taken immediately to 
insure a uniform high quality prod- 
uct throughout the United States. 
Publication of the PCI Standards 
for Prestressed Concrete Plants and 
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the proposal for PCI certification of 
plants were steps in the right di- 
rection. They will gain more mean- 
ing when PCI plant certification 
becomes so recognized and accept- 
ed that it will be a requisite for 
the conduct of a prestressing busi- 
ness just as the Underwriters Lab- 
oratory approval is a requisite for 
the marketing of electrical appli- 
ances. 

Some of your problems are those 
characteristic of any new industry. 
With inexperienced management, 
under capitalization will take its 
toll. But many plants which have 
not succeeded were those whose 
management ignored the fact that 
to exist today a business must offer 
an exceptionally good product or 
an exceptionally cheap one. 

Now another important challenge. 
We all know that factory-produced 
prestressed products sell in a mar- 
ket that previously was almost ex- 
clusively a steel preserve. This is 
true in both the bridge and _ build- 
ing products fields. This has been 
documented in various national pub- 
lications such as a recent article in 
Engineering News-Record showing 
the results of a 13 State survey. 
This survey dramatically illustrated 
the increasing use of prestressed 
concrete against a decreasing use 
of steel. 

Inroads into their markets have 
hurt the steel interests to the degree 
that several independent fabricators 
have actually entered the prestress- 
ing business. To be realistic, we 
must acknowledge that the steel in- 
dustry in this country is dynamic 
and aggressive. It is not going to 
take this loss complacently. Right 
now their research people are work- 
ing feverishly on ideas for new 
rolled sections that will be more 
competitive with prestressed con- 
crete. Other ideas and plans for new 
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fabricated members at less cost are 
also being studied. In other words, 
the prestressing industry can expect 
to face a highly organized aggres- 
sive competitor. This competitor has 
both money and organization and 
it is facing you producers with your 
individually owned plants. And 
don’t discount the importance of 
your competitors collective pro- 
grams of advertising and publicity. 
As yet the prestressed producers’ 
efforts in these fields have been 
weak by comparison. 

The prestressed industry is also 
facing other competition. The alumi- 
num industry is aggressively enter- 
ing the field of bridge and building 
parts and specialized structural 
applications. Reinforced concrete 
is proving more and more competi- 
tive. A shopping center in Minne- 
apolis was recently reported to have 
a hyperbolic paraboloid roof with 
columns spaced at 47 feet for a 
contractors cost of under $1 per 
square foot for shell and column. 
There's competition for your double 
Ts. 

Does this mean that we're going 
to see the decline of prestressed 
concrete? Of course not! What it 
does mean is that the producer 
must use every device in the indus- 
trial engineer's handbook plus his 
own ingenuity to cut production 
costs and raise the quality of his 
product. Frankly, I think you can 
do it. 


To the Engineer 


So much for the challenge to the 
producer; let’s consider the engi- 
neer. Thus far, with a few notable 
exceptions, precast-prestressed con- 
crete members have been designed 
and used as simply supported mem- 
bers. This is the principal reason 
you have been limited in a large 
degree to the low rise building and 
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the relatively short span _ bridge. 
This has been a big market, one 
that will undoubtedly continue to 
take a large share of production. 
But for the use of prestressing to 
expand to a larger field, engineers 
need to devise some simple, inex- 
pensive means to achieve continu- 
ity, also joints and connections that 
will permit frame action. 

Continuity in bridges means a re- 
duction in first costs and in mainte- 
nance costs by a better distribution 
of moments and the elimination of 
troublesome joints and extra bear- 
ings. Continuity and moment con- 
nections are the keys to the multi- 
story building market. Research is 
underway at universities and such 
organizations as PCA on these sub- 
jects, but this is not enough. We 
need to channel all our talents into 
imaginative and practical solutions 
of these problems. You people inter- 
ested in post-tensioning should 
throw your energies into the com- 
mon effort. For unless we all work 
hard on these common problems it 
may be many years before proper 
solutions are found. This, then, is 
the main challenge facing the engi- 
neer. These are problems that 
should mesh with all facets of plant 
production and building erection. 
For the best ideas will be of no 
avail if they are not compatible 
with production and construction 
procedures. Mr. Collborg has shown 
examples of what is being done in 
Sweden; his connections appear to 
be very interesting and practical. 
Let’s try some of them, or modify 
them to fit our particular conditions. 

Two years ago at San Francisco 
it was stated that prestressed con- 
crete was a youth, barely coming 
of age. Today it has reached an 
early and precocious maturity but 
it faces two major challenges, both 
rooted in a stiff competitive battle 
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with other structural materials. To 
the producer it means a hard, cold 
look at his production costs which 
will have to be kept to a minimum 
while maintaining or increasing 
quality. To the engineer it means 
much imaginative thinking to devel- 
op practical means for continuity 
and moment connections. 

If this industry is to grow to full 


June, 1960 


maturity and a secure place in the 
sun, the challenges must be accept- 
ed. I have the utmost confidence 
in this group and their ability to 
do so. This new industry, hardly 
nine years old, that has survived 
such a period of explosive growth 
as you have, has the youth, energy 
and drive to accept any challenge 
and fling it back to the source. 
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Prestressed Concrete Slab Bridge 


A. C. Scordelis, W. Samarzich and D. Pirtz 


This paper was outlined at the 1959 
Prestressed Concrete Institute Convention, 
Miami Beach, Fla. by Prof. T. Y. Lin. 


(1) Introduction 

Analytical and experimental stud- 
ies were made for the transverse 
distribution of wheel loads on a full 
scale simply supported prestressed 
concrete slab bridge. The slab is 
post-tensioned in two directions. 
Published results using the classical 
elastic theory were applied to obtain 
influence surfaces for longitudinal 
moments in the slab. Experimental 
values for longitudinal moments pro- 
duced by a truck loading on the 
bridge were obtained, and these 
are compared with theoretical val- 
ues. The effect of transverse pre- 
stressing on load distribution was 
also measured experimentally. 


(2) Description of Bridge 

The structure selected for the pro- 
gram was the Bacon Street Bridge 
in San Francisco, designed by the 
California Division of Highways. It 
is a solid slab bridge with a uniform 
depth of 2 ft.-2 in., a clear span of 
60 ft.-0 in., and a total width of 
99 ft.-6 in., Fig. 1. 

The bridge is prestressed longi- 
tudinally with 278 Freyssinet cables, 
each consisting of 18 wires of 0.196 
in. diameter. These cables are 
draped parabolically, with the cen- 
ter of cables located at mid-depth 
over the supports and at 3 inches 
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from the bottom of slab at midspan. 
Transversely, only 22 cables are pro- 
vided, each consisting of 12 wires 
of 0.196 in. diameter. All transverse 
cables are placed at mid-depth and 
run straight throughout the slab. All 
cables are housed in flexible metal- 
lic conduits and were grouted after 
being tensioned. These cables pro- 
duce an initial longitudinal pre- 
stress averaging 230,000 lb _ per 
linear foot of slab and an_ initial 
transverse prestress averaging 17,700 
lb per linear foot. The effective pre- 
stress may be taken as 85 percent 
of the initial values, resulting in an 
average longitudinal compression of 
675 psi in the concrete and a trans- 
verse compression of 48 psi. 

The bridge is designed for six 
lanes of H20-S16-44 loading, with 
the load distribution based on AA- 
SHO Specifications for reinforced 
concrete slabs. AASHO Specifica- 
tions for Highway Bridges and Bu- 
reau of Public Roads Criteria for 
Prestressed Concrete Bridges were 
followed in the design, except for 
minor modifications according to the 
practice of the California Division 
of Highways. 

After the formwork had been com- 
pleted, the cables and then the in- 
strumentation were installed in the 
bridge. The slab concrete was 
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placed on February 11, 1954. Lon- 
gitudinal prestressing was begun on 
March 10 and completed on March 
24. Transverse prestressing was be- 
gun on April 28 and completed the 
same day. 


(3) Instrumentation 
Twenty-four Carlson strain me- 
ters were placed in the concrete 
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slab at six gage stations along the 
transverse centerline of the bridge, 
Fig. 2. Each station had 4 strain me- 
ters, with one pair located 1-1/2 in. 
from the top surface and another 
pair 1-1/2 in. from the bottom sur- 
face of the slab. Each pair of meters 
was placed so that one measured 
longitudinal strain and the other 
measured transverse strain. The 
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AT A GAGE 


leads from all strain meters were 
carried to a terminal box located in 
the curb of the bridge. 

In order to obtain simultaneous 
readings on all gages for a truck in 
any position on the bridge, it was 
decided to use a procedure which 
was found to be successful on the 
San Leandro Creek Bridge Project.’ 
This procedure consisted of taking 
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dynamic recordings on the gages as 
a truck moved slowly across the 
bridge. This was accomplished by 
means of two oscillographs located 
in an instrument trailer stationed 
under the bridge. In addition sev- 
eral switching tapes were placed 
transversely across the bridge so 
that, as the truck moved across the 
bridge its position at any time could 
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be interpreted by the mark it left 
on the oscillograph record as_ it 
crossed one of the switching tapes. 

For a truck moving at a speed of 
one to two miles per hour, the os- 
cillograph records gave data corre- 
sponding to various static position- 
ings of the truck. In this manner a 
great deal of data was obtained in 
a minimum amount of time. The 
only other measuring devices were 
five copper resistance type temper- 
ature gages located in the slab at 
an independent gage station. These 
gages were placed at various depths 
in the slab so as to obtain a record 
of the internal temperature varia- 
tion. 


(4) Control Tests 

In order to determine the proper- 
ties of the materials used in the 
bridge and to correlate strains with 
stresses, control tests were made on 
specimens of both the steel and the 
concrete. Specifications called for a 
4000 psi concrete at 28 days. It was 
further specified that tensioning of 
the prestressing steel would not 
commence until the concrete had 
reached a compressive strength of 
at least 3000 psi. 

The concrete mix used contained 
six sacks of Type I portland cement 
per cubic yard of concrete. Aggre- 
gate consisted of 38 percent sand 
and 62 percent coarse aggregate 
with a maximum size of 1-1/2 in. 
The water cement ratio was 5.64 
gallons per sack. The slump aver- 
aged 3-1/2 in., as determined by 
Kelly-ball test. 

Twenty-three 6 x 12-in. cylinders 
were tested at the University of 
California and the Division of High- 
ways in order to determine ultimate 
strength, modulus of elasticity, and 
Poisson’s ratio at various ages. 
These specimens were cured at the 
bridge site for six days and then 
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standard cured in the laboratory un- 
til they were tested. Typical stress- 
strain curves are shown in Fig. 3. 
Ultimate strength increased with 
age as indicated in Fig. 4. Meas- 
ured values of Poisson's ratio in- 
creased from 0.12 at 7 days to 0.16 
at 40 days. 

One sample of the 18-wire cable 
and one sample of 12-wire cable 
with anchorages attached were test- 
ed by the Division of Highways. 
The stress-strain relationship for 
each sample is indicated in Fig. 5. 
The 18-wire and 12-wire cables ex- 
hibited similar characteristics. The 
12-wire cable had an_ ultimate 
strength of 263,000 psi and an elon- 
gation at rupture of 5.8 percent in 
10 inches. The 18-wire cable had an 
ultimate strength of 262,000 psi and 
an elongation at rupture of 5.6 per- 
cent in 10 inches. Both cables indi- 
cated a fairly uniform modulus of 
elasticity up to a value of about 
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158,000 psi. In the bridge they were 
stressed initially to 150,000 psi for 
the longitudinal cables and 140,000 
psi for the transverse cables. 


(5) Loading and Testing Procedure 

The test vehicle selected was a 
15 ton, Model 82FD, Rear-Dump 
Euclid truck. The truck was loaded 
with scrap concrete rubble. The to- 
tal weight of the loaded vehicle 
was 69,400 pounds, with 56,800 
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pounds on the rear axle. An attempt 
was made to equalize the load on 
each of the front wheels and on 
each of the rear wheels, but be- 
cause of the nature of the concrete 
rubble load, this could not be done 
exactly. 

In order to determine the wheel 
loads standard highway loadome- 
ters were used. The wheel loads 
were weighed at numerous times 
during the test program, and the 
readings for a specific wheel load 
did not vary by more than 2 per- 
cent. As a check on the loadometer 
readings, the wheel loads were also 
determined by means of a public 
scale at the beginning of the test 
program. The appearance, dimen- 
sions, and magnitude of the loads 
for the vehicle selected are shown 
in Fig. 6. 

The test program consisted of 
measuring the changes in strain in 
the various strain meters embedded 
across the bridge. The record of the 
change in strain was obtained by 
means of the oscillographs in the 
instrument trailer. One series of 
truck runs was made on April 26, 
with longitudinal prestressing hav- 
ing been completed but before any 
transverse prestressing had been 
provided in the bridge. This was 
called Series I. A second series of 
truck runs was made on April 29, 
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after all of the transverse prestress- 
ing had been completed. This was 
called Series II. 

The paths followed by the truck 
as it proceeded across the bridge 
were exactly the same for the runs 
of Series I and II. In this way the 
effect of transverse prestressing on 
wheel load distribution could be de- 
termined by comparing the result- 
ing data from the two series. 

For each series ten separate paths 
were specified for the truck to fol- 
low. These were given letter nota- 
tions of A through J. The location 
of these paths on the bridge sur- 
face are shown in Fig. 7. In each 
case the vehicle followed a longi- 
tudinal line marked on the bridge 
by a stretched rope so that the cen- 
ter of each of the rear wheels passed 
over the lines defining each path. 
It should be noted that paths A 
through E were so located that 
when the rear wheels of the vehicle 
were on the transverse centerline 
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FOR TESTING WITH WHEEL 
INDICATED 


of the bridge, each rear wheel was 
centered almost directly over a 
gage station. This was done so as 
to obtain the maximum possible 
strain readings in the strain meters. 
At the conclusion of the test pro- 
gram, it was found that truck runs 
on paths F through J gave such 
small strain readings that the read- 
ings had little significance when the 
precision of the strain measuring de- 
vices was considered. For this rea- 
son the records obtained for paths 
F through J were not used for this 
paper. Runs A through E were each 
made first in a north direction, and 
then in a south direction. 

All truck runs were to be made 
at an average speed of between 1 
and 2 miles per hour. The speed of 
the truck was determined by check- 
ing the time it took for the vehicle 
to cross the bridge span. This time 
for all runs fell somewhere between 
30 and 40 seconds which placed the 
speed of the vehicle between the 


23 

















5 


a 


| | | | North 








é-o| 8-2" 
| 





g'- 2 ‘|¢ o}6-o|6- 0}6-0\6-o 
ai 



































NS ioe ie 

= | ey} 
| ae 
| ee 
Path il bal E|o|c| 
of oe oe ee Lehi 





Fig. 7- PATHS FOLLOWED BY TEST VEHICLE 
DURING TEST RUNS 


desired limits. 


(6) Theoretical Analyses 

The problem of a slab, simply 
supported at its ends, subjected to 
concentrated loads has received the 
attention of numerous investigators. 
2,3,4,5.6.7,8 An excellent summary of 
“Research on Highway Bridge Floors 
at the University of Illinois, 1936- 
1954”® also discusses related prob- 
lems. This publication contains a set 
of references dealing with the over- 
all problem of highway bridge floors. 

The purpose of the theoretical 
analysis used in this investigation 
was to obtain the distribution of 
longitudinal bending moments 
across the transverse centerline of 
the bridge for various truck posi- 
tions on the bridge. The following 
assumptions were made in the the- 
oretical analysis. 


24 


1. The slab is a homogeneous, iso- 
tropic, and elastic structure. 
2. The thickness of the slab is 
small in comparison with its lat- 
eral and longitudinal dimensions. 
3. The middle surface of the slab 
is considered a plane surface be- 
fore loading, and the energy 
stored in the slab after loading 
is due to flexural and _ torsional 
stresses only. 
4. Any straight line drawn nor- 
mal to the middle surface of the 
slab before loading remains 
straight and normal to the deflect- 
ed middle surface after loading. 
The above assumptions lead to 
what is commonly called the ordi- 
nary theory of flexure of slabs or 
the thin plate theory. This theory 
can be used satisfactorily in all re- 
gions of the slab except in the vi- 
cinity of a concentrated load for 
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which it indicates infinite moments 
and stresses. Westergaard? and 
Hall? overcame this obstacle by re- 
placing concentrated loads by 
“equivalent uniform loads” on small 
circular areas which may be used 
in the ordinary theory of flexure to 
obtain correct results. Formulas are 
given for an “equivalent radius” in 
terms of the actual concentrated 
load. Olsen and Heinizhuber’ re- 
place concentrated loads by short 
line loads in the longitudinal direc- 
tion and obtain solutions on_ this 
basis. 

It is not the purpose of this re- 
port to present the mathematical 
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analyses necessary for the solution 
of the general slab problem. For 
this purpose reference is made to 
the above-mentioned publications. 
The prime purpose here was to ob- 
tain theoretical results which could 
be compared with experimental re- 
sults so that the validity of the use 
of the elastic theory for prestressed 
slabs of the type herein investigat- 
ed could be ascertained. 

The analysis was conducted in 
the following manner: A study of 
the available references indicated 
that influence surfaces for the longi- 
tudinal moments at the center of 
slab and at the edge of the slab 
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Fig. 10 - INFLUENCE SURFACE FOR MOMENT AT CENTER 
( Poisson's Ratio =O, yY, = 0.6, ) 


on the transverse center-line had 
been obtained by Olsen and Reiniz- 
huber* for a slab having a span/ 
width ratio of 0.6/1. which corre- 
sponded to the slab under consider- 
ation. These influence surfaces are 
shown in Figs. 10 and 11. Further 
investigations of various publica- 
tions indicated that exact influence 
surfaces for longitudinal moments at 
points between the center and edge 
of the slab were not available and 
could only be obtained with consid- 
erable mathematical and computa- 
tional effort. Since it was necessary 
to obtain moments at all points 
along the transverse centerline due 
to loads anywhere on the slab, it 
was decided that approximate in- 
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fluence surfaces for longitudinal 
moments at each of the experimen- 
tal gage points on the transverse 
centerline would be obtained by in- 
terpolation between values avail- 
able for the center and edge points. 
A study of the theoretical data avail- 
able indicates that values thus ob- 
tained should be within 10 percent 
of the true theoretical values. It 
was felt that this would be satis- 
factory for comparison with experi- 
mental results. 

Once these influence surfaces for 
longitudinal moments at various 
points along the transverse center- 
line were determined, the distribu- 
tion of longitudinal moments along 
the transverse centerline for various 
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truck positions on the bridge was 
found by multiplying each wheel 
load by the proper influence ordi- 
nate and then summing the values 
for the four wheels to get the total 
effect. The resulting curves of theo- 
retical moments are shown in Fig. 
12-16. The line x = 0 represents the 
transverse centerline of the bridge. 

Throughout the theoretical analy- 
ses, it was assumed that Poisson’s 
ratio was zero. A comparison be- 
tween the results for longitudinal 
moment at the center of the slab 
for Poisson's ratio equal to zero and 
0.15 can be found in Fig. 8. It can 
be seen that there is little difference 
in the two curves for moment val- 
ues. 

When a wheel load is some dis- 
tance from a point at which the 
moment is desired, the load may be 
assumed as concentrated or distrib- 
uted over a small area, and the val- 
ue of moment obtained will be the 
same in either case. However, when 
the wheel load is directly over the 
point in question, some assumption 
must be made as to the area of con- 
tact between the wheel and the 
slab. The effect of different assump- 
tions regarding this contact area on 
longitudinal moment at the center 
of the slab may be seen in Fig. 9. 
It can be noticed that there is little 
difference between curves II and 
III. Throughout the analysis of the 
slab reported herein, it was assumed 
that the wheel print could be rep- 
resented by a line load 1.8 ft. in 
length. This gives essentially the 
same effect as a load distributed 
over a circular area of 365 sq. in. 
It can be seen from Fig. 9 that 
even for relatively large differences 
from this assumed loaded area the 
moment is not appreciably affected 
percentage wise. 
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(7) Experimental Values 

The experimental values of mo- 
ments are obtained from the strain 
recordings of the Carlson meters. 
The strain values generally were 
between 5 and 40 micro-inches per 
inch, somewhat too small for high 
accuracy. Fortunately, the strain 
meters were quite sensitive and the 
smooth oscillograph _ recordings 
yielded much more reliable data 
than individually taken readings. 

Strain readings due to live load 
taken before and after transverse 
prestressing were essentially the 
same. This indicates that the trans- 
verse prestress used in this bridge 
had no measurable effect on the dis- 
tribution of moments due to live 
load. 

The greatest difficulty in reduc- 
ing the data lies in choosing the 
proper value of modulus of elastic- 
ity, used for converting the strains 
into stresses and bending moments. 
It was at first intended to use the 
tangent modulus of elasticity for 
concrete at the stress level produced 
by prestressing. Moments so com- 
puted yielded grossly different re- 
sults from those computed by stat- 
ics or the elastic theory. In order 
to resolve this problem, tests were 
conducted at the University of Cali- 
fornia to determine the modulus of 
elasticity of concrete which had 
been subjected to sustained high 
compressive stresses. These tests in- 
dicated that if the compressive 
stress in concrete had been main- 
tained at a constant level for at 
least 28 days, additional compres- 
sive stress would yield a stress- 
strain relation the same as the initial 
portion of the unloaded concrete. 
Similar findings were recorded in 
a paper by Hrennikoff.'’ After con- 
sidering the results of these auxili- 
ary tests, it was decided that E, 
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for computation should be taken as 
5,000,000 psi for the strains pro- 
duced by truck loadings. 

Another discrepancy in_ strain 
readings occurred in the difference 
between the top and bottom gages. 
Computed from the neutral axis of 
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the slab including the effect of pre- 
stressing steel, the top strains should 
be only 5 percent higher than the 
bottom strains. However, the ex- 
perimental values recorded showed 
that the top strains were consistent- 
ly 15 to 25 percent higher. This 
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cannot be satisfactorily explained, 
except that the top portion of con- 
crete could be weaker than the bot- 
tom portion and thus possesses a 
lower modulus of elasticity. 

The following procedure was fol- 
lowed in converting the strain read- 
ings into stresses: 

1. Average the top and bottom 

longitudinal strains for both north 

and south runs. 

2. Average top and bottom trans- 

verse strains for only the north 

runs. 

3. Determine the longitudinal bot- 

tom stress o;, in psi at strain gage 

level using the equation 


E 
—,, uét ) 
= >! L + u€t 
where E = modulus of elasticity = 
5,000,000 psi 
€, = average longitudinal strains 
» = Poisson’s ratio 
er = average transverse strains. 
Then the moment in kip-ft per ft width 
of slab is computed from the equation: 


mM —aul 
= 


where I = moment of inertia of section of 
a 12” wide section = 18,350 in.4 
y = distance from neutral axis to the 
bottom strain gage = 11.26 
inches 
oa (18,350) _ ) 136 ey 
11.36 (12,000) 0.136o0"1 Kip-ft. /ft. 





Typical results for data reduction 
using the above procedure are 
shown in Table I for the moments 
in the slab, which are plotted in 
Fig. 12. 

Comparison of the experimental 
with the theoretical values is shown 
in Figs. 12 thru 16. Solid lines indi- 
cate theoretical values and dashed 
lines experimental values. 

(8) Conclusions 

The experimental and theoretical 
studies made on this bridge justify 
the following conclusions: 

1. The load distribution on this 

simple span prestressed concrete 

slab bridge, as indicated by the 


actual bending moments, agrees — 


fairly well with the elastic theory. 
Experimental values are general- 
ly lower than theoretical values 
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with the greatest discrepancy oc- 
curring at points near the wheel 
loads. 

2. Transverse prestressing had no 
measurable effect on the trans- 
verse and longitudinal moments 
produced by wheel loads. 
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9 
‘ 


3. Reliable experimental values 
can be obtained by the use of 
Carlson gages and with oscillo- 
graph recordings, even when the 
strain readings are 
small. 

4. Since the maximum live load 


relatively 
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TABLE 1 


STRAINS, STRESSES, AND LONGITUDINAL MOMENTS ACROSS TRANSVERSE 
CENTERLINE FOR FOUR TRUCK POSITIONS IN PATH A AFTER TRANSVERSE 





PRESTRESS 





Location of Wheels 
From Centerline of 
Bridge 


Gage Station, 

Distance from 

Centerline of 
Bridge 


Strains, 
millionths 


Longitudinal 


Transverse 
Strains, 
millionths 


Longitudinal 
Stresses, 
psi 


Longitudinal 
Moment, 
ft. kips/ft. 





Front 
Wheels 


Rear 


Wheels 7’-10” 39 





14’. 2” 
20’- 2” 
26'- 2” 
32'- 2” 
38’- 2" 


32 

23.5 
20.5 
15.7 
11.2 


0 —13 ft. 


7'-10" 
14’. 2” 
20’- 2” 
26’- : ed 
32’- 2” 
38’- 2” 


25.0 
18.7 
18.5 
18.7 
14.5 
10.5 


7'-10" 
14’. qn 
20’- 2” 
26’- y od 
32’. 2” 
38’. > aad 


18.0 
13.7 
12.7 
13.3 
11.0 

7.7 


7-10" 
14’. 2” 
20’- > a 
26’- 2” 
32’- 2” 
38’. > a 


8.7 
6.8 
6.8 
7.5 
6.5 
45 


stress produced by the heaviest 
obtainable experimental — truck 
was no more than 200 psi, while 
the slab was designed to carry a 
live load fiber stress of 1320 psi, 
it was evident that the present 
empirical rule for the design of 
slabs of long spans and large 
width is too conservative from the 
point of view of stresses. Even the 
simultaneous loading of all lanes 
with full impact is not likely to 
result in stresses as high as those 
assumed in design. Consequent- 
ly, a more rational approach to 
the design would result in con- 
siderable saving in prestressing 
steel, and in a much better be- 
havior of the slab, with less cam- 
ber and creep. 


203 
168 
120 
104 


27.6 
22.8 
16.4 
14.1 
10.8 

7.7 


18.5 
13.3 
12.9 
12.9 
10.0 

7.2 


12.7 
9.8 
9.0 
9.2 
7.6 
5.3 


56 
38 


45 
36 
36 
38 
33 
23 


6.2 
4.8 
48 
5.2 
45 
3.1 
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Prestressing at Play 


Since the theme of our 1959 con- 
vention in Miami Beach was “Pre- 
stressing at Work”, an article on 
“Prestressing at Play” seems timely 
and appropriate. This article deals 
with the use of prestressed concrete 
for the construction of additional 
spectator seats in the Clemson Me- 
morial Stadium, Clemson College, 
Clemson, South Carolina. 

Some twenty year ago, the stadi- 
um was constructed in a _natu- 
ral bowl-shaped depression and con- 
sisted of 45 rows of seats on each 
side of the playing field extending 
from end zone to end zone. The 
favorable terrain made it possible 
to construct the 45 rows of seats by 
shaping the clay soil and placing 


*Head, Department of Civil Engineering, 
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concrete on grade with a relatively 
small amount of earth work neces- 
sary. The rows were constructed 
along the arcs of concentric circles, 
the radii varying uniformly from 560 
feet for the first or bottom row to 
665 feet for the top row. Access to 
the seats was through eight equally- 
spaced entrances on grade on each 
side of the field located at the top 
or back rows. 

At the time the stadium was 
constructed, the seating capacity 
of 20,500 was considered adequate 
but in recent years there has been 
a demand for seats far in excess 
of the number available. In 1957, 
it was decided that an enlarge- 
ment of the stadium was justified 
from the standpoint of spectator 
demand as well as being eco- 
nomically feasible. At a meeting of 
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the Athletic Council and the Ad- 
ministration of the College, general 
approval was given to an overall 
plan of adding spectator seats, the 
replacement of the press box by a 
larger and better equipped one, and 
the demolition of toilet facilities and 
concession stands and the construc- 
tion of new and more adequate 
ones. A limit of $300,000 was set 
for carrying out the plan. It was 
realized that the most economical 
use of materials and labor was es- 
sential and that future maintenance 
costs must also be considered. A 
third consideration was the blend- 
ing of the addition and the original 
seating from an appearance view 
point. 

Several structural systems were 
considered and analyzed by the 
writer and, after sufficient prelimi- 
nary designs and calculations were 
made and compared as to original 
and maintenance costs, the system 
described below was selected. Since 
the seating in the original stadium 
consisted of only 45 rows and since 
the bottom row of seats was fairly 
close to the playing field, it was de- 
cided that the best arrangement for 
the additional seating from a spec- 
tator standpoint as well as econom- 
ics would be the construction of 
additional rows along both sides of 
the field from end zone to end zone. 
These additional rows would. start 
at the existing grade of the 45th 
row and be erected above grade. By 
making careful estimates of the cost 
of all facilities except the seating 
and subtracting this amount from 
the total sum available, the amount 
available for spectator seats was de- 
termined. 

The next step was the selection 
of the structural system to provide 
the maximum number of seats pos- 
sible for the amount of money avail- 
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able keeping in mind the other 
criteria outlined. above. Several 
analyses were made and compared 
and a system of using conventional 
reinforced concrete frames with 
prestressed modified double-tee sec- 
tions spanning the distance between 
the frames was adopted. Using this 
system, a break-down of costs indi- 
cated that the construction of 26 
rows on each side of the field pro- 
viding over 17,000 additional seats 
was entirely feasible. The existing 
eight entrances on each side of the 
field would be utilized and access to 
both the old and new parts would 
be at these points. The utilization 
of these entrances automatically set 
the location of a structural frame 
adjacent to each of the entrances 
with an intermediate frame _ bisect- 
ing the distance between them. 
Each frame was designed along an 
extension to the radius of the origi- 
nal stadium at the point where new 
construction was to begin. The mod- 
ified double-tees would then become 
a series of chords and would vary 
in length from approximately 24 
feet for the first row of the addition 
to approximately 30 feet for the last 
row. 

In the design of the supporting 
frames, the width of the beam to 
receive the prestressed sections was 
set at 14 inches in order to provide 
a 4 inch bearing for each end of 
the double-tees resting on the beam 
and to provide for a six-inch poured 
strip between the ends of adjacent 
double-tees to take care of any vari- 
ations in the double-tees. Bearing 
plates were doweled into the sup- 
porting beams and into the stems 
of the double-tees. These bearing 
plates were welded together at one 
end and left free at the other to 
permit a small amount of movement 
at the free end. 

By designing the frames along 
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the extensions of the radii, it was 
possible to make all frames except 
the end ones identical, thereby mak- 
ing possible the maximum reuse of 
forms. Struts were designed for 
wind stresses and rigidity in the 
longitudinal direction of the frames. 
Lateral struts were used in every 
other bay only, being omitted in 
the alternate bays to allow for ex- 
pansion and contraction. No expan- 
sion joints per se were designed in 
the addition as sufficient allowance 
was made by leaving one end of 
each double-tee free and omitting 
the lateral struts between frames in 
alternate bays. Two years use of the 
addition with no noticeable ill ef- 
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fects has confirmed this analysis. 
The modified double-tee sections 
were designed for dead load plus 
a live load of 100 psf. Since the 
space allowed for each seat is 18 in. 
wide by 28 in. deep, this provides 
for a live load of 350 lbs. per seat, 
considered adequate for both the 
static and possible dynamic loads. 
The amount of tension in the pre- 
stressing cables was determined by 
allowing a maximum tensile stress 
of 300 psi in the bottom fibers of the 
concrete under full load. A typical 
calculation illustrating this proce- 
dure is given later in the discussion 
of an additional extension planned 
for construction during the coming 
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spring and summer. 

The contract for the addition de- 
scribed above was let in March, 
1957. Work was started in mid- 
March and completed in late Aug- 
ust and the stadium filled to ca- 
pacity in the first home game of the 
1958 season. 

The total cost of the addition to 
the stadium consisting of over 17,- 
000 spectator seats, a new press box 
with ample provision for the work- 
ing press, radio and television cov- 
erage, Western Union facilities, etc, 
a new President’s Box, adequate 
toilet facilities, concession stands, 
and ticket booths was within the 
total of $300,000. This addition has 
given Clemson an outstanding sta- 
dium in all respects and provides 
38,000 excellent spectator seats. 


However, by the summer of 1959 
it became evident that a further 
increase in seating capacity was de- 
sirable. 

Plans and specifications for the 


new addition, as was the case in 
the 1958 addition, have been pre- 
pared by members of the college 
staff and as soon as certain formali- 
ties are complied with the invitation 
for bids will be issued. The new 
addition will consist of 5700 new 
spectator seats at the west end of 
the playing field. The seats will 
again consist of modified double- 
tee sections supported on conven- 
tional reinforced concrete frames. 
Fifty rows of seats will be construct- 
ed on frames all above natural 
grade. The new section will be the 
width of the playing field at the bot- 
tom or first row and flair out to 
approximately 200 feet at the back 
or 50th row. The elevation of each 
individual row will be the same as 
the corresponding row of the exist- 
ing seating to provide for eventual 
joining of the new section with the 
old ones. Under the new section, 
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there will be constructed new dress- 
ing rooms, shower and toilet facili- 
ties for the home and visiting teams, 
an Officials’ dressing room, and toilet 
facilities and concession stands for 
the spectators. 

Since the new section will be in- 
dependent from the existing parts, 
more latitude was possible in the 
placing of the supporting frames 
and the resulting spans of the pre- 
stressed sections. A total of six 
frames will be used for the new sec- 
tion, again being placed on an ex- 
tension to a radius as was done in 
the 1958 addition. Again the frames 
will be identical and the spans for 
the prestressed section will vary 
from approximately 32 feet for the 
bottom row to approximately 40 
feet at the top. The same proce- 
dure as previously used for design 
will be followed and is illustrated 
by the sample calculations below 
for a span of 40 feet. 

The dimensions are for a 17 in. 
deep modified double-tee section as 
produced by the Ballard-Rice Pre- 
stressed Company in Greenville, S. 
C. by placing longitudinal edge 
strips in their regular double-tee 
beds. However, the specifications 
provide for the substitution of alter- 
nate sections of equal capacity upon 
approval by the College Engineer. 


Area = 165 in.* Cb 

Wt. = 172 Ib. per lin. ft. Ce = 5.95” 

I = 4222 in.4 Sp 382 in.® 
S. = 710 in.3 


11.05” 





anal 
—| 





























Top fiber stress at center = 473—954+1369 = 888 psi (Comp. ) 
Bottom fiber stress at center = 473+-1772 


2—2545 — 300 psi ( Tension) 
Bottom fiber stress at end = 473+676 = 1149 psi (Comp. ) 


Camber = (1-17) (78,000) (18 x 3.33 x 40? + 144 x 5.35 x 10 x % X 20) 


(2,500,000) (4222) 


: 22.5) (172) )4) 
D.L. Deflection - 3) (li ( AC 
(2,500,000) (4,222) 





0.94” 


*. Camber under dead load 1.72” — 0.94” — 0.78” 


lam 


: 995 93: 4) 
L.L. Deflection = =<?) 33) (40 
(4,000,000) (4,222 ) 





0.80” 


.. Deflection under live load = 0.80” — 0.78” = 0.02” 
Three 7/16 in. draped cables are used for the prestressing with eccentric- 
ity of 3.33 in. at the end and 8.68 in. at the center. 
Moment = (1/8) (233+172) (402) (12) 
¢. — 972,000 
382 


f, = 272,000 _ 13609 psi 
710 


 */ 
ae a = f, — 300 
Soe -ipnbeae 


- 972.000 in. lb. 


2545 psi 


P(382 + 8.68% 165) _ on4n ann — 9045 
165 x 382 
P = 78,000 Ib. 


Check of fiber stresses: 
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Our experience at Clemson has 
convinced us that the use of this 
type of stadium construction is 
economical and entirely satisfactory 
in all respects. Since the construc- 
tion of the addition in 1958 we have 
had many visitors from other schools 
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contemplating the building of a new 
stadium or an addition to an existing 
one. Without exception, these visi- 


tors have been favorably impressed 


with the utility and appearance, 
and particularly with the cost fig- 
ures we have given them. 








PROCEEDINGS PAPER 


Research on Shear Strength 


of Prestressed Beams 
by M. A. Sozen* 


A Talk presented at the Session on Research and Development 1959 Prestressed 
Concrete Institute Convention, Miami Beach, Florida 


Fe purpose of this report is to 
describe the object, scope, and 
general implications of research at 
the University of Illinois on the 
strength under combined bending 
and shear of prestressed concrete 
beams. This work is one phase of a 
major research program on _ pre- 
stressed concrete started in 1951 
with the over-all objective of estab- 
lishing criteria for safe, serviceable, 
and economical design of highway 
bridges. Although the goals of the 
program are practical, the work has 
been planned to be fundamental and 
general in scope with the hope that 
while answers to today’s questions 
are being obtained, the groundwork 
is being laid for solving some of to- 
morrow's problems. 

To date, the studies on shear 
strength have involved tests on 181 
beams. The types of test specimens 
are shown in Fig. 1. 

The top figure represents the 
standard simply-supported beam 
with straight reinforcement subject- 
ed to stationary, concentrated loads. 
The second one from the top is es- 
sentially the same type of specimen 
with the reinforcement draped in 
the shear spans. For these two types, 
the ratio of the shear span length, 
a, to the effective depth, d, varied 
from 2.4 to 8. The span length was 
9 ft. for most of the beams. 


*Associate Professor of Civil Engineering, 
University of Illinois, Urbana, Illinois 
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The third figure from the top rep- 
resents a simply-supported beam 
subjected to a moving load. This 
type of loading was included in or- 
der to project our findings under 
stationary loads to the analysis of 
highway bridges. 

Tests were also carried out on 
two-span continuous beams repre- 
sented by the bottom figure. 

The majority of the test beams 
were pretensioned. 

The over-all cross sectional dimen- 
sions were 6 by 12 in. for all beams 
but a few. We had rectangular 
beams (Fig. 2a), I-beams with 3 
and 1-3/4-in. thick webs (Fig. 2b 
and c), and I-beams with a cast-in- 
place slab (Fig. 2d). 

Ranges of the other major variables 
were as follows. The longitudinal 
reinforcement was varied from a 
minimum of 0.2 to a maximum of 1.0 
percent, the effective prestress from 
zero to 140,000 psi, the concrete 
strength from a very low value of 
1750 to 8600 psi, and the ratio of 
web reinforcement from 0.1 to 1.35 
percent. 

Only vertical stirrups were used, 
the yield point stress of the stirrup 
steel varying from 30 to 80,000 psi 
and the spacing from 2.5 to 10 in. 
The larger dimension corresponds to 
the effective depth of the beam. 

In describing to you some of the 
results of the tests, it is desirable to 
start with the observed behavior of 
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Fig. 2 


a prestressed concrete beam without 
any web reinforcement. 

In such beams, the formation of 
an inclined crack (shown by the 
thick line in Fig. 3), caused by a 
combination of bending and shear 
stresses, represented a very signifi- 
cant stage in the “life” of the beam. 
The beam carried very little load 
after the development of the in- 
clined crack; and the increase could 
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not be designated as useful or even 
reserve strength for all practical pur- 
poses. 

The failure modes of beams with 
inclined cracks took several forms. 
The beams collapsed by: 

(1) Concrete crushing in the top 
flange near the load points as indi- 
cated by the letter (a) in Fig. 3. 

(2) Separation of the tension 
flange from the web indicated by 
(b). 

(3) Crushing of the concrete in 
the web due to arch action indicat- 
ed by (c). 

In all cases, such shear failures 
resulted in a reduced load carrying 
capacity in comparison to a flexural 
failure. 
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Figure 4 presents a particular com- 
parison of the behavior of I-beams 
failing in shear and in flexure. These 
load-deflection curves are based on 
tests of two almost identical I-beams. 

Curve | refers to an I-beam which 
failed in shear almost immediately 
after inclined cracking and curve 2 
refers to an I-beam which had 
enough web reinforcement to pro- 
duce a flexural failure. Curve 2 rep- 
resents an increase of about 100 per- 
cent in load and 200 percent in 
deflection compared to Curve 1. 
There is no question about the de- 
sirability of some form of web 
reinforcement whenever the likeli- 
hood of a shear failure exists. 

Figure 5 shows the crack pattern 
in an I-beam with vertical stirrups, 
indicated by the dashed lines, fail- 
ing in flexure. The introduction of 
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Fig. 5 


web reinforcement did not affect 
critically the formation of inclined 
cracks, but it did hinder and could 
eliminate their drastic consequences. 

The results of the tests showed 
that the amount of web reinforce- 
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ment required to produce a flexural 
failure was proportional to the dif- 
ference between the shear corre- 
sponding to a flexural failure and 
the shear corresponding to inclined 
cracking. 

A simplified interpretation of the 
action of web reinforcement can be 
developed in reference to the free 
body diagram in Fig. 5. If we assume 
that the beam can carry the inclined 
cracking shear, V., without any help 
from the stirrups, the equilibrium of 
the free body diagram demands that 
the ultimate shear, V,, be equal to 
V. plus the sum of the forces in the 
stirrups crossed by the inclined crack, 
each stirrup working at its yield 
stress (Maximum yield stress for the 
stirrups used in the tests was 80,000 
psi). 

The analysis of the test results ac- 
cording to this concept yielded the 
expression 


5d 
Vu = Ve + SAY fy 
where V. = ultimate shear 
V. = shear at inclined tension 
cracking 
effective depth of beam 
stirrup spacing 
cross sectional area of one 
stirrup 
= yield stress of the stirrup steel 


Figure 6 illustrates an application 
of this concept to the design of web 
reinforcement in a beam subjected 
to a moving load. The maximum 
shear at any section is that corre- 
sponding to the various positions of 
the load that would produce flexur- 
al failure when it acts at midspan. 
This is the solid line designated V,. 
The dead load is ignored. The in- 
clined cracking shear at each section 
is indicated by the broken curve 
designated V.; the tests showed that 
this quantity decreases as the dis- 
tance from the reaction increases. 

The amount of shear to be car- 
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Fig. 6 


ried by the web reinforcement is in- 
dicated by the shaded portion. It 
would, of course, be prudent to start 
placing stirrups a distance “d” away 
from the point where none are theo- 
retically required. This arrangement 
of web reinforcement is diametrical- 
ly opposite to what would be ob- 
tained using common design proce- 
dures. 

Figure 7 shows a simply-support- 
ed beam at failure. The failure load 
was reached by successive passes of 
a simulated moving load going from 
left to right, the load being increased 
after each pass. The stirrups in this 
beam were designed according to 
the concept discussed above. Their 
locations are indicated by the verti- 
cal broken lines. More stirrups were 
placed near the midspan than near 
the reactions. 

This beam developed its full flex- 
ural capacity. The cracks are shown 
by the black solid lines on the beam. 
At failure, there were no inclined 
cracks near the reactions. Conse- 
quently, no stirrups were required 
at the ends, at least not for strength. 

The beam shown in Fig. 8 was 
loaded with a single stationary load. 
No stirrups were placed over a large 
portion of the longer shear span, be- 
cause no inclined cracks were ex- 
pected. None appeared. The beam 
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failed in flexure because, where in- 
clined cracks did appear, they were 
restrained by the stirrups. 

Another interesting aspect of the 
tests was the comparative behavior 
of beams with straight and draped 
reinforcement. The profile of the 
steel in the beams with draped rein- 
forcement is shown in the upper 
left-hand corner of Fig. 9. In some 
of the beams only part of the steel 
was draped. The two load-deflection 
curves in this figure present a par- 
ticular comparison of the effect of 
draping. They are based on tests of 
two beams having similar properties 
except for the shape of the reinforce- 
ment profile. 

The first curve refers to a beam 
with straight wires which failed in 
shear at about 80 percent of its flex- 
ural capacity. The second curve re- 
fers to a beam with a high drape. 


The longitudinal steel made an an- 
gle of 10° with the horizontal in 
the shear spans. It also failed in 
shear. The beam with the straight 
wires carried about 40 percent more 
load in comparison to the beam with 
draped wires. 

In the ordinary ranges of the vari- 
ables, this trend was consistent. 
There was very little decrease in the 
load-carrying capacity up to a drape 
angle of about 2°. Beyond this, there 
was appreciable decrease in strength 
as the drape was increased. 

This phenomenon has been as- 
cribed to the close relation between 
a flexural and an inclined crack. 
Draping the steel reduces the flex- 
ural cracking load in the shear span 
which, in turn, reduces the effective 
section and invites the inclined crack 
earlier in the life of the beam. 

The investigation of the strength 
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of continuous beams is in its explora- 
tory stages. A preliminary series of 
tests has confirmed that the princi- 
ples of limit design can be utilized 
in the design of prestressed beams 
provided shear failure is prevented. 
Figure 10 illustrates the ductility of 
a test specimen at failure. However, 
continuous beams are also suscepti- 
ble to shear failures; and the failure 
is more violent and destructive than 
that in a simple beam. (Fig. 11) 

In conclusion it should be pointed 
out that after nearly a decade of 
labor, all the answers are still not 
known. At the moment, a method of 
design for shear can be proposed 
that is safe and reasonably econom- 
ical. These studies are being contin- 
ued and in the future, it may be 
possible to develop a method that 
is as economical as it is safe. 
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oO” of the most perplexing phe- 
nomena on the American eco- 
nomic scene is the prestressed con- 
crete industry—perplexing, that is, 
to economists. Never before had 
they experienced such rapid accept- 
ance of a major innovation in de- 
sign and construction techniques. 
Upon closer look, however, pre- 
stressing can be seen to have had 
a sound foundation of research, de- 
velopment and field trials before 
the first flush of popularity in the 
United States. 

It is fairly well recognized now 
that the theory of prestressing an- 
tedates the present century; but it 
wasnt until the advent of high ten- 
sile strength steel and high strength 
concretes that prestressing could 
really come into its own. 

It was first used in this country 
in the construction of circular tanks 
and pipe 37 years ago. Prestressed 
tanks similar to the one shown in 
Fig. 1 have been built in the Unit- 
ed States since 1935. The chief engi- 
neer of a city which has had such 
a tank since 1936 has stated, “Not 
a penny has been spent for main- 
tenance or repairs in twenty years.” 
Linear prestressing, however, was 
not attempted in this country until 
1942 when some pretensioned 29- 
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ft. long channels and I-section mem- 
bers were made for an Anheuser- 
Busch bottling plant in St. Louis, 
Missouri. 

(Figure 2) A warehouse floor in 
Chicago was post-tensioned. in 1947 
by John A. Roebling’s Sons Corp. 
This three-inch thick slab-on-grade 
floor was prestressed in two direc- 
tions using 9/16-in. galvanized 7- 
wire strand. In the ensuing 12 years, 
the floor has been subjected to se- 
vere loading conditions, but it is 
still showing no signs of wear. 

(Figure 3) The break-through in 
America came in 1949 with the con- 
struction of the Walnut Lane Bridge 
in Philadelphia, Pa. It was only re- 
cently that the U. S. record set by 
its 160-ft. center span was exceed- 
ed. The impact that it made upon 
our construction industry can be 
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readily appreciated by reviewing 
the progress prestressing has made 
in gaining recognition in the United 
States since then. 

During the doldrums of the in- 
terim period between our pioneer 
efforts and the Walnut Lane Bridge. 
Europeans had made considerable 
progress. Several reasons conspired 
to create a more favorable environ- 
ment in Europe for growth of the 
budding industry than here. 

For one thing, the critical short- 
age of building materials overseas 
during and following World War II 
encouraged experimentation in 
means of improving and extending 
the applications of available mate- 
rials. Since metals were classified as 
strategic materials, concrete was the 
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natural answer to almost all build- 
ing needs. Fortunately, European 
designers evolved new techniques 
that were much more than mere 
stop-gap expedients. One of their 
most important developments was 
the crystallization of the concept of 
prestressing into a workable, prac- 
tical method of construction. 

Another factor which fostered 
prestressing in Europe may be at- 
tributed to the different architect- 
engineer-contractor relationship 
which exists there. It is not uncom- 
mon for one European firm to as- 
sume the responsibility for both the 
design and construction of a struc- 
ture. Such an arrangement provid- 
ed the financial incentive needed 
for the sound development of the 
concept of prestressing. 

In the United States, initial ac- 
ceptance was slow because the effi- 
cient use of materials characteristic 
of prestressing could not be capital- 
ized upon until means had been 
devised to reduce labor costs. These 
steps to minimize labor mainly took 
the form of developing production- 
line techniques for the prefabrica- 
tion of prestressed members. 

Linear prestressing first made its 
weight felt in the bridge market 
where the increased spans and re- 
duced depth-to span ratios rendered 
it a potent competitor for rival ma- 
terials. 

Ever since the Walnut Lane 
bridge jolted the market out of its 
complacency, the number of pre 
stressed bridges built each year has 
soared upward. Today, prestressed 
bridges are fast becoming a part of 
the landscape in practically every 
state of the union. Three girder 
types have emerged from the early 
experimenting as the most common- 
ly used in this country—pretensioned 
box beams, pretensioned I-beams 
and post-tensioned long-span gird- 
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ers. The first two types are usually 
precast to speed erection time, 
whereas the long-span girders are 
cast at the job site to reduce trans- 
portation charges. In addition to 
these precast units, the post-ten- 
sioned cast-in-place bridge has con- 
tinued to develop to a_ point of 
considerable refinement and sophis- 
tication of design. 

The state of Pennsylvania leads 
this country in number of precast- 
prestressed box beam bridges. 
Among the many advantages of this 
type are speed of erection, shallow 
deck providing maximum _head- 
room and an efficient structural de- 
sign. 

(Figure 4) Less than two days 
were needed to set in place the 
deck beams for this bridge and to 
post-tension them together laterally 
with high strength bars. Box beams 
of spans in excess of 100 ft. have 
been built by pretensioning deflect- 
ed strands. 

(Figure 5) Sites requiring skewed 
bridges are accommodated easily 
with prestressed I-beams. Cast-in- 
place decks can be formed to fit 
any desired plan. Skews have been 
accommodated by prestressed 
beams ranging from this small 
amount to over 45 degrees. Inter- 
mediate or end diaphragms can be 
used or omitted dependent on de- 
sign or specification requirements. 
Continuity can be achieved by erect- 
ing simple spans and providing con- 
tinuous reinforcing steel in the slab 
over the supports. 

(Figure 6) Although standard 
girder shapes give some measure of 
uniformity to American preten- 
sioned bridge design, post-tensioned 
girders are custom designed for vir- 
tually every application. Post-ten- 
sioning is ordinarily reserved for 
girders in excess of 100 ft. It finds 
its greatest use in long-span bridg- 
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Fig. 7 
es, gymnasiums and auditoriums. 

These girders for a bridge over 
the Milwaukee River in Milwaukee, 
Wis. were post-tensioned; but they 
conform to AASHO-PCI girder 
shape requirements. It points up the 
versatility of standardized girder 
shapes. 

(Figure 7) Probably the most 
popular single prestressed girder 
shape in the United States is the 
I-beam. In this unusual structure on 
the Illinois tollroad, pretensioned 
I-beams made possible a restaurant 
and shops located over the pave- 
ment. Although most I-beams are 
pretensioned, some have been con- 
structed by post-tensioning or by a 
combination of pretensioning and 
post-tensioning. Economics is usual- 
ly the determining factor and, there- 
fore, this choice is generally at the 
option of the contractor. Cast-in- 
place decks are made composite 
with the beams to produce a struc- 
ture with excellent riding qualities. 
Most states have adopted either the 
AASHO-PCI standards or state 
standards which closely parallel 
them. These standard shapes have 
done much to lower the costs of 
both design and fabrication. In ad- 
dition, many prestressed I-beam 
girders have been manufactured re- 
cently without end blocks, as on 
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Fig. 8 

the Illinois tollroad, resulting in ap- 
preciably reduced casting costs. 

(Figure 8) One of the most spec- 
tacular examples of prestressed 
bridges in the United States is now 
under construction in upper New 
York State. It is the pair of bridges 


over Oneida Lake whose center 


spans of 320 ft. set a record in this 
country. Each center span consists 
of three parts: two cantilevered sec- 


tions of approximately 72 ft. each 
and a drop-in girder of about 230 
ft. After the precast cantilever post- 
tensioned girders for the end spans 
had been constructed, the post-ten- 
sioned drop-in girders were posi- 
tioned and the entire assembly post- 
tensioned together to act as one 
unit. 

More an expansion than a new 
use is the application of prestress- 
ing to the construction of long-span 
bridges. There have been a num- 
ber of prestressed bridges built in 
Europe and Central and South 
America in the 350 to 400 ft. span 
range. It has been reported that 
plans have been completed for the 
Venezuelan government for a pre- 
stressed concrete suspension bridge 
over Lake Maracaibo that will have 
a central span of 1,312 ft. The 72- 
ft. wide bridge will provide two 
two-lane roadways on either side of 
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Fig. 9 
a single railway track. As was men- 
tioned, the longest American pre- 
stressed span is the 320-ft. center 
span of the Oneida Lake bridge. It 
represents an increase of 100 ft. over 
the previous U. S. record holder. 


(Figure 9) The first prestressed 
railway bridge in the United States 
was a 19-ft. span built in March 
1954. American railroads, character- 
istically conservative in embracing 
new construction ideas, didn't try 


another prestressed bridge until 
1957. In the last two years, how- 
ever, a number have been built with 
spans up to 72 ft. and with the 
heaviest loadings in the books. This 
320-ft. long prestressed bridge car- 
ries the Great Southwestern Rail- 
road over the Dallas-Ft. Worth 
Turnpike. Its two 67-ft. center spans 
accommodate the divided six-lane 
highway below. 

Although bridges ushered in the 
era of U. S. prestressing, buildings 
claim one-half of the total produc- 
tion today, and undoubtedly will 
account for even more in the future. 
Stemmed units, such as double-tees, 
channels, single-tees and single wing 
tees, constitute the bread-and-but- 
ter business of most prestressing 
plants. The fact that they can be 
mass produced in fixed forms means 
that they can compete successfully 
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‘vith floor and roof units long 
thought to be the lowest cost means 
of construction. 

(Figure 10) A typical example 
of effective use of double-tee units 
is this multi-story commercial build- 
ing in Charlotte, N. C. Typical bays 
for this type of building are about 
30 ft. by 50 ft. with double-tees 
spanning longitudinally. In construc- 
tion of this type, prestressed units 
often compete on first cost alone 
with practically any type of roofing 
and flooring. 

(Figure 11) Extruded rectangu- 
lar floor and roof slabs, both cored 
and solid, are rapidly gaining favor 
because they are simple to erect 
and are low-priced, thanks to their 
ease of manufacture. Several meth- 
ods of extrusion are used. In this 
unique system, slabs are extruded 
on moving pallets which pass 
through a machine equipped with 
mandrels, concrete hoppers and vi- 
brators. One extrusion process em- 
ploys a moving ‘mold’ which casts 
the slabs on stationary pretension- 
ing beds. Extrusion offers many 
advantages—labor is minimized, 
formwork is eliminated and _ high- 
quality, uniform products are as- 
sured. 
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(Figure 12) Structural beams for 
buildings have not been standard- 
ized to the extent of stemmed slabs 
but many plants offer a set of typi- 
cal girders to meet commonly en- 
countered needs. Shelf beams are 
often used to reduce the total depth 
of beam and slab. Continuity may 
be obtained by conventional rein- 
forcing steel in a cast-in-place sec- 
tion in the upper portion of the 
beams over the supports. This serves 
to simplify the connection detail 
and to tie the structure together. 

(Figure 13) Lift-slab, a technique 
native to the United States, also 
finds great advantages in prestress- 
ing. In lift slab work, roof and floor 
slabs are stack cast on the ground 
floor and then hydraulically jacked 
up the columns to the desired 
height. By post-tensioning the slabs 
after they have cured, it is possible 
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Fig. 13 


to achieve control of deflection. 
Continuity is achieved by properly 
draping the prestressing steel. 

(Figure 14) Prestressing has prov- 
en beneficial in shell roof construc- 
tion, especially folded plates. The 
steel can be used in the shell it- 
self, as in this folded plate roof; or 
in domes and cylindrical shells, it 
can be embedded in the edge 
beam. Engineers can, as a result, 
design larger shells and architects 
can be provided with the slimmer 
edge beams they often prefer. 

Although bridge’ girders and 
building members make up the bulk 
of the prestressing market today, 
there are a number of other appli- 
cations. 

(Figure 15) Use of prestressed 
piling has enjoyed almost universal 
acceptance in the last few years. 
More than half a million linear feet 

















Fig. 15 


of 21l-in. octagonal prestressed _pil- 
ing was used on a single project 
at Charleston, South Carolina. Av- 
erage length of the piles was 100 
feet. Casting was conducted on a 
24-hour cycle. Some projects have 
used prestressed sheet piling, but 
development in this area has been 
restricted largely to marine struc- 
tures. 

As has been stated, one of the 
earliest applications of prestressing 
was in the construction of tanks. A 
novel means of positioning and ten- 
sioning the prestressing steel for cir- 
cular tanks has been developed. 
After the walls of the tank have 
been cast and cured, a self-pro- 
pelled machine hung from the top 
of the walls winds the strand around 
the tank. (Fig. 1) With this ma- 
chine it is possible to wind in two 
days all the steel needed for a one 
million gallon tank. As it is wound, 
it is stressed to 140,000 psi. After- 
wards, a thincoating of pneumati- 
cally placed mortar is applied. The 
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thin walls and ease of construction 
achieved with prestressed tanks ren- 
der them highly competitive. 

Among other structures for which 
prestressing has been used with 
success are poles and towers, retain- 
ing walls and swimming pools. Cast- 
ing operations are now underway 
in Florida for the production of 276 
prestressed transmission line towers. 
These 110-ft. high giants will carry 
power lines 63 miles. 

Naturally, the first prestressed de- 
signs in the United States leaned 
heavily on foreign techniques and 
reflected a conservativeness typical 
of pioneer efforts with new engi- 
neering concepts. The massive end 
blocks, heavy diaphragms and trans- 
verse prestressing on 14-ft. centers 
of the Walnut Lane Bridge are 
mute testimony to this fact. This 
bridge marked the start of an era 
by effectively demonstrating a prin- 
ciple. Since that time American en- 
gineers, many of them in this 
audience, have been tailoring the 
principle to our economics to render 
it practical for us, as well as work- 
able. Since the U. S. construction 
scene is markedly different in many 
respects from that in Europe, it was 
only logical that several new tech- 
niques should be developed. 

One of the most important of 
these developments was the use of 
7-wire strand in pretensioned work, 
in place of the small diameter wire 
commonly used in Europe. It made 
pretensioning of large members eco- 
nomical, Starting cautiously with % 
inch strand, the size was gradually 
increased through “es; *% and %e 
to a %-in. strand. Each increase 
in size was preceded by research 
and field tests on the nature of 
bond in pretensioned members 
subjected to static and repeated 
loading. Perfecting and populariz- 
ing long-line pretensioning—made 
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possible by 7-wire strand—has ren- 
dered production of pre- 
stressed members a reality in the 
United States. 

(Figure 16) Lake Pontchartrain 
Bridge forcibly brought home to 
U. S. engineers the fact that an 
entire bridge span could be precast 
easily and economically in one unit. 
It illustrated dramatically that pro- 
duction-line fabrication of precast- 
prestressed members had arrived. 
As Construction Methods and Equip- 
ment magazine put it, World’s Long- 
est Highway Bridge—A Mass-Pro- 
duced Marvel. Since then the mar- 
veling has been replaced by the 
realization that mass-produced pre- 
stressed members are here to stay. 

By and large, bridge members of 
spans up to 100 ft. have been stand- 
ardized. Of course, this does not 
obviate the prospect of new or re- 
fined designs; but it does suggest 
that work in this field has been sta- 
bilized. 

(Figure 17) In contrast, the de- 
sign of building components still 
shows indications of being under 
development. Even the primacy of 
the popular double-tee unit has 
been challenged. 

Typical early stemmed members 
were 14-in. double-tee units. The 


mass 
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Fig. 17 


size of double-tees was increased 
gradually up to 18 inches and even 
deeper. Today several plants are 
able to produce single-tees that span 
up to 120 feet. Shown is an experi- 
mental beam which combines some 
of the characteristics of a box gird- 
er and a stemmed unit. 

A major advantage of prestress- 
ing shared by all its applications is 
the use of high-strength concretes. 
It was only a short time ago that 
3,000 psi concrete was considered 
a high-strength mix. Prestressing 
makes full use of 5,000 and 6,000 
psi concrete. 

This helps increase the strength- 
to-weight ratio of concrete appre- 
ciably—always a desirable attribute 
in terms of competitive bidding. Re- 
inforced concrete in the United 
States has a strength-to-weight ra- 
tio approximately one-third that of 
steel. However, with the 5,000 psi 
concretes commonly used in pre- 
stressing, a ratio of about one-half 
that of steel can be obtained. Mix- 
es achieving 8,000 psi would nar- 
row steel’s strength-to-weight ratio 
margin over concrete to less than 
one-quarter. Now that high strength, 
lightweight aggregate concretes 
have been developed, it is possible 
to predict a ratio almost equaling 


57 








that of structural steel for concrete 
in the foreseeable future. That this 
is readily apparent to the competi- 
tors of prestressed concrete is attest- 
ed to in the activities underway in 
an ASTM committee to raise the 
yield point of structural grade steel. 

Even the great strides prestress- 
ing has taken in the last few years 
represent merely the beginning of 
the infiltration that it will undoubt- 
edly make into many market areas. 
The manufacture of many pre- 
stressed products is now one of mass 
production. Its use is spreading in 
ever widening circles to many more 
areas. Crystal ball gazing is not one 
of my fortes but I think we can 
obtain some fairly reliable glimpses 
of the future of prestressing simply 
by examining the experimentation 
of today. 

(Figure 18) One of these fields 
is prestressed pavements. Although 
prestressed highways seem far away, 
at this stage, its use in the con- 
struction of heavily-loaded airport 
pavement gives promise of moving 
out of the experimental stage in the 
near future. A taxiway at Biggs Air 
Force Base near El Paso, Texas, 
was recently constructed of three 
different types of slabs: 24-in. unre- 
inforced slabs; 19-in. reinforced 


slabs; and 9-in. prestressed slabs. 
Detailed data on the cost and per- 
formance of the pavement types will 
be obtained. This taxiway might well 
presage an era of prestressed con- 
crete airport pavements to meet the 
more rigorous needs of jet aircraft. 
(Figure 19) A new industry on 
the verge of full-fledged production 
is prestressed concrete railway ties. 
The Association of American Rail- 
roads, in conjunction with PCA and 
others, has conducted extensive tests 
on numerous prestressed ties. A pro- 
totype tie derived from the experi- 
ence of European railways and the 
results of these tests has been de- 
signed. Plans have already been fi- 
nalized with the Atlantic Coast Line 
and Seaboard Air Line railways to 
install test sections of the tie. One 
firm in Florida is designing a ma- 
chine with which it will be possi- 
ble to mass produce the tie to price 
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it competitively with wood ties. Al- 
though prestressed ties will cost 
somewhat more individually than 
those of wood, the fact that they 
can replace wood ties two-for-three 
and permit the use of smaller tie- 
plates may render them strong con- 
tenders in this new market area. 

(Figure 20) Prestressing of dec- 
orative wall panels is a field largely 
untouched as yet. However, pre- 
stressing offers a number of advan- 
tages when applied to precast wall 
panels. Panel thickness can be re- 
duced to a bare minimum without 
encountering handling difficulties 
or high breakage rates. Insulative 
materials can occupy a greater pro- 
portion of the panel cross-section. 

(Figure 21) The huge market of 
home construction is another virgin 
territory as far as prestressing is con- 
cerned. This is a model of a pre- 
stressed home whose prototype was 
easily assembled of precast-pre- 
stressed components. Naturally, the 
components for multi-unit construc- 
tion of such homes would have 
to be of a size and weight that 
could be handled by relatively light 
equipment. The advent of light- 
weight aggregates capable of pro- 
ducing high strength concretes will 
be a boon to prestressing in this, as 
well as other market areas. 

(Figure 22) Studies are under- 
way which are aimed at originating 
simple means of achieving continu- 
ity in prestressed structures—most 
especially those with pretensioned 
members. Once such details are 
ironed out, prestressing will receive 
a tremendous boost in competitive 
power since it will be possible to 
span even greater distances, reduce 
depths and carry greater loads for 
less cost. 

(Figure 23) Sound and imagina- 
tive engineering, open-mindedness 
on the part of all the members of 


June, 1960 














Fig. 24 


the construction team, hard work 
on the part of many far-sighted in- 
dividuals, pioneering work by equip- 
ment and materials suppliers—all 
have contributed to the inestimable 
success enjoyed by prestressing in 
its early years in the United States. 

For prestressed building compo- 
nents to capture as large a share of 
the market as they should, a build- 
ing code must be promulgated. In 
America, the important job of for- 
mulating a recommended practice 
was entrusted to a group of more 
than 100 leaders in the prestressing 
industry. Next step on this front is 
to secure incorporation of the rec- 
ommended practice in code lan- 
guage into building codes through- 
out the nation. This is now being 
done by the ACI through coopera- 
tion with your organization. 

(Figure 24) If the promising fu- 
ture of prestressed concrete is to be 
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fully realized, however, it will be 
necessary to continue and expand 
present activity in research and de- 
velopment. The Portland Cement 
Association recently put into opera- 
tion two new laboratory buildings 
which will enable us to step-up our 
work in these areas. It is now possi- 
ble for us to conduct fire tests on full- 
scale prestressed beams in the fur- 
nace in our Fire Research Center. 
This will help to remove a barrier 
in the path of prestressing. Our new 
Structural Laboratory contains facil- 
ities for static and dynamic load 
testing of full-scale prestressed 
beams. 

The formation of the Prestressed 
Concrete Institute has stimulated 
interest in prestressing greatly. The 
numerous tests already sponsored 
by PCI and the plans being made 
by the committee for fire test plan- 
ning will undoubtedly foster even 
greater acceptance of prestressing. 

Many other groups are currently 
conducting research on various as- 
pects of prestressed concrete con- 
struction. Several of the larger col- 
leges and universities are engaged 
in research projects in this area: 
the University of Florida on torsion; 
the University of Illinois on shear 
and bending; Lehigh University on 
fatigue and shear; and the Univer- 
sity of California on two way slabs 
and columns. The U. S. Air Force 
is constructing prestressed airport 
runways to assess their practicality. 
Many privately owned plants are 
carrying on or supporting develop- 
mental and research projects. 

The enthusiasm evidenced on all 
hands for this new approach to con- 
struction has set up a momentum 
that has amazed all on the Ameri- 
can construction scene. Its past has 
been eye-opening. But the wonder 
of prestressing is that its future 
seems brighter yet. 
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Average Concrete Stress Along 
Prestressing Steel in Prestressed 
Concrete Beams 


by Kenneth Kai-l Diao* 


I INTRODUCTION 

In estimating the loss of prestress due to elastic shortening and creep 
effect of concrete in prestressed concrete beams, it is necessary to calculate 
the average direct stress in concrete at the level of the prestressing steel. For 
straight, prismatic, simple beams with undraped pretensioning strands, the 
average concrete stress along the c.g.s. due to a uniformly distributed load 
over the whole span is simply 2/3 of the value at the mid-span. However, 
for haunched beams, continuous spans, cantilevers, and beams with curved 
prestressing units, the evaluation of such stresses may become quite cumber- 
some. In this article, rational yet simple formulas for computing the average 
direct stress in concrete along parabolic post-tensioning tendons in simply 
supported beams are derived. The underlying principle of this procedure 
may be readily applied to other more complicated cases. Similar formulas 
for computing the average direct stress in concrete along the c.g.s. of 
straight strands are also presented for the ready use in engineering offices. 


Il NOTATION 

A = cross sectional area (gross) of beam, sq. in. 

€, = eccentricity of curved tendon axis at mid-span with respect to 
centroidal axis of beam section (gross), inches. 

e = eccentricity of curved tendon axis at any point with respect to 
centroidal axis of beam section (gross), inches. 

e, = eccentricity of c.g.s. of straight pretensioning strands with respect 
to centroidal axis of beam section (gross), inches. 

f = direct stress in concrete at level of centroid of curved post-ten- 
sioning tendon at any section, psi. 

f., = average direct stress in concrete for whole span along c.g.s. of 
curved tendons or c.g.s. of straight strands, psi; positive for compression 
and negative for tension. 

F, = effective prestress of pretensioning strands, lbs. 

F, = effective prestress of post-tensioning tendons, lbs. 

I = gross moment of inertia of beam section with respect to centroidal 
axis, (in)*. 

K = ratio of distance between load point and left end of beam to span 
length, dimensionless. 

L = span length of beam, inches. 

*Structural Engineer, Madigan-Hyland Consulting Engineers, New York, N. Y. 
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= bending moment at any section along beam, in-lbs. 
bending moment at mid-span for a parabolic moment curve, in-lbs. 
= bending moment at load point for single concentrated load, in-lbs. 
concentrated load, lbs. 
center sag of parabolic post-tensioning tendon, inches. 
w = uniformly distributed load, lbs. per inch. 
x, y= coordinates of any point on parabolic axis of post-tensioning 
tendon with origin at its center, inches. 
Xa, Ya = coordinates of any point on parabolic axis of post-tensioning 
tendon with origin at its left end, inches. 


III DERIVATION OF EQUATIONS FOR PARABOLIC TENDONS 

In the following derivation of f.,, theoretically, the cross sectional area 
should include the transformed steel area, the moment of inertia should be 
computed on the basis of the transformed section, and the eccentricities of 
tendons and strands should be measured from the centroidal axes respec- 
tively of the transformed section and net section. However, in practice for 
the sake of simplicity the gross concrete section is always used in com- 
puting all these items. The error induced is usually insignificant. 

For ordinary cases, the difference between the inclined prestress at the 
end of a parabolic tendon and its horizontal component is small and there- 
fore is to be ignored in deriving Eq. (9) below. 

(1) Uniformly Distributed Load 

In Fig. 1, let us assume the axis of the post-tensioning tendon in a 
simple supported prestressed concrete beam to follow a parabolic curve of 
second degree such as, 


¢ 
with the origin at the center of the curve. 
Then e=y—e 


eee 
a“ — 


L 


and 





xX, Curved Tendon ' 
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Fig. 1 Profile of Curved Tendon 
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Since the moment curve due to a uniformly distributed load w is a 
parabola as shown in Fig. 2, the moment at any point D can be expressed 
in terms of the mid-ordinate M,, i.e. 
4x" 
Ls 

By the usual elastic theory, the corresponding direct stress in con- 
crete at the level of the post-tensioning tendon is 


f = Me/I (3) 


M = M, (1 ———) (2) 


The average value of the direct stress in concrete for the whole span 
along the curved tendon axis is 


1 se 

fig 4 f dx 
Ki 

By substitution of Eqs. (1), (2) and (3), it yields 


l f M, 4x* 4r 
——) ( = ( — ds 
L -v2I L? L? 
oh 


2 to x = L/2 for a prismatic 


-L/2 


Performing the integration from x 
beam, we have 


(4) 


or = (4a) 


(2) Straight Pretensioning Strands 
The effect of straight pretensioning strands with an eccentricity of e, 
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Fig. 2 Moment ene for a Uni- 
formly Distributed Load 




















Fig. 3 Moment Diagram for an 
Eccentric Pretension 
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on a prestressed concrete beam can be replaced by two components: a 
moment (—F,e,) and a concentric prestress F, acting at the centroid. The 
moment is uniform throughout the span, as shown in Fig. 3. The negative 
sign here indicates that, when the c.g.s. of the strands is located below the 
centroidal axis, the moment will produce tension in the top fiber of the beam. 

By applying the same procedure as discussed under the preceding 
heading, it follows that the average direct stress in concrete along the 
curved tendon axis due to the moment (—F,e,) is 

1 (™? j—F.e, 4r 
Fes : —— x" — a 1 Ox 


ae Oe I L2 


Upon integration as indicated, it becomes 
Fs 


Then, the total average direct stress in concrete along the curved tendon 
axis due to the eccentric pretensioning strands is 


F, F.,e, 
Ses (r — 3e,) (6) 
A 31 


(3) Draped Post-tensioning Tendon 
In Fig. 4, the moment curve due to a parabolic post-tensioning tendon 
can be resolved into two parts: namely, a rectangle with the height of 


M =F; (r — e) ( 
and a parabolic with the mid-ordinate of 


M, = — Fir (8) 


By following Eq. (5) and Eq. (4), the average concrete stress along 
the curved tendon axis respectively due to the rectangular moment F;, (r — e,) 
and the parabolic moment (— F;r) is given by 


F, (rt — 4) 
fi. ° 

31 

2F ir 
and fs —(r — 5e,) 

15I 
Then, the total average concrete stress along the curved tendon axis due 
to the post-tensioning force F, becomes 


F, (r — e,) 2F yr 
— (r — 3e,) — (r — 5e,) (9) 
31 151 
(4) Concentrated Loads 
The moment diagram for a single concentrated load P acting at a 
distance KL from the left end of the beam is shown in Fig. 5. To simplify 
the integration, the left end of the curved tendon axis is selected as the 
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Fig. 4 Component Moment Dia- 


grams for a Curved Post- Fig. 5 Moment Diagram for a 
tension Concentrated Load 


origin of the coordinates. (Fig. 1) The equation for the parabol is given by 


4r 
Va = (Lx, —Z,") 
L- 
4r 
then e =(r—e,) — — (Lx, —x,”) 
L? 
For O = x, < KL, M = M,x,/KL 


For KL =x, < L, M = M, (L — x,a)/(1 — K)L 

1 (= MT 4r 

Thus, ——] (r — e,) — (Lx, — Xa") | dx, 
o KLIt L» | 


L, 


+ 


1 hg M,(L pt Xa) 4r 
; cathe te ae. (r oe €) ug (Lx, ons +") dx, 
xi (1 — K)LI | - 


L, 


After carrying out the integration, we have the expression for the average 
direct stress in concrete along the curved tendon axis due to a concen- 
trated load P at KL from the left end of the beam, 


M, 
f., = — | (1 — 2K + 2K2)r — 3e, 
6I 


As a special case, when P acts at the center of the span, i.e., K 
Eq. (10) becomes 
M, 
f= (r — 6e,) 
121 


PL 
f.. = —— (r — 6e,) 
481 
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For multiple concentrated loads, the combined f., may be obtained by 
superimposing the individual values of f., for each concentrated load. For 
example, when two equal concentrated loads act at the third-points of 
the beam, M, for one concentrated load P = 2PL/9, K = 1/3, and 
(1 — 2K + 2K?) 5/9. Then, from Eq. (10) 


2PL | 5r 
f.. =2x  |—~x ( — 8e,) 
g 6] 9 


PL 
or Ses — (10r — 54e,) (12) 
2431 
Similarly, for three equal concentrated loads at the quarter-points of the 
beam, 
PL 
m — (23r — 120e,) (13) 
3841 
and for four equal concentrated loads at the fifth-points of the beam, 
PL 
a (146r — 750e,) (14) 
18751 


IV WORKING FORMULAS 

Similar formulas for computing the average concrete stress along the 
c.g.s. of straight strands may be readily derived by using the same pro- 
cedure. Working formulas thus obtained for straight strands and those for 


parabolic tendons as previously derived are summarized here for the con- 
venience of reference. 


V ILLUSTRATIVE EXAMPLES 
Example 1. 

A concrete beam of AASHO-PCI Type IV section and 80-ft simple 
span is pretensioned with 46-7/16”® strands and post-tensioned with a 
12 x 0.276” -wire Freyssinet cable. The c.g.s. of the strands is 12 inches 
above the bottom throughout the beam. The c.g.s. of the cable is 2.75 
inches above the bottom at mid-span and 50 inches at both ends, following 
a parabolic curve. Assume an effective prestress of 695,500 Ibs for the strands 
and 93,000 Ibs for the cable. The centroidal axis of the gross section is 
located at 24.73 inches above the bottom. Compute the average concrete 
stress along the curved axis of the cable under the combined action of. 
the beam’s own weight and the effective prestress. 

Solution: AASHO-PCI Type IV, A = 789 sq in, | = 260,740 in‘ 
w = 822 lbs per ft 
e, = 24.73 — 2.75 = 21.98 in 
r = 50.00 — 2.75 = 47.25 in 
e, = 24.73 — 12.0 = 12.73 in 
For the beam’s own weight, 
822 
x —— x (80 x 12)? = 7,891,000 in-Ibs 
12 
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From Eq. (4), 
2 x 7.891,000 
Sue == (47.25 —5 x 21.98) = — 253 psi (tension) 
15 x 260,740 
For the straight pretensioning strands, 
F,e, = 695,500 x 12.73 = 8,854,000 in-Ibs 
From Eq. (6), 
695,000 8,854,000 
fo, = ~ (47.25 — 3 x 21.98) 
789 3 X 260,740 
= 881 + 212 = 1,093 psi (compression) 
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Note: All concentrated loads in the above table are equally spaced except 
as otherwise shown. 
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For the draped post-tensioning cable, 
F,(r — e,) = 93,000 (47.25 — 21.98) = 2,350,000 in-Ibs 
F.r = 93,000 x 47.25 = 4,394,000 in-lbs 
From Eq. (9), 
93,000 2,350,000 
f.. = ———_ + (47.25 — 3 x 21.98) 
789 3 X 260,740 
2 x 4,394,000 
— aoa (47.25 — 5 x 21.98) 
15 x 260,740 
= 118 — 56 + 141 = 203 psi (compression) 
Thus, the combined average concrete stress along the curved axis of the 
post-tensioning cable is 
f., = — 253 + 1,093 + 203 = 1,043 psi (compression) Ans. 
Example 2. 

A concrete beam of 12 x 18 rectangular cross section and 32-ft simple 
span is post-tensioned with an effective prestress of 120 kips. The pre- 
stressing unit is in the shape of a parabolic curve with an eccentricity of 5 
inches below the centroidal axis at mid-span and a center sag of 6 inches. 
The beam supports a permanent concentrated load of 10 kips at the center. 
Find the average concrete stress along the curved axis of the prestressing 
steel. 

Solution: A = 12 X 18=216sqin, I = 12 x 13°/12 = 5,832 in'*, 
w = 216 X 150/12 x 12 x 12 = 18.75 lbs per in, 
P = 10,000 lbs, e,=5in, r=6in, 
F, = 120,000 Ibs, L=32 x 12 = .384 in 
For the weight of beam, from Eq. (4a) 
18.75 x (384)? 
f.. = —————_— (6 —5 x 5) = — 150 psi (tension) 
60 x 5,832 
For the post-tension, 
F,(r — e,) = 120,000 x (6 — 5) = 120,000 in-Ibs 
F,r = 120,000 x 6 = 720,000 in-Ibs 
From Eq. (9), 


120,000 120,000 
.. = + (5—3 x 6) 
216 3 x 5,832 

2 x 720.000 


(5—5 x 6) 
15 x 5,832 

= 556 — 89 + 412 — 879 psi (compression) 
For the concentrated load, from Eq. (lla), 


10,000 x 384 
£.. = ———_ - (6 — 6 x 5) = — 329 psi (tension) 
48 x 5,432 


Thus, the total average concrete stress along the curved axis of the post- 
tensioning steel is 
f.. = — 150 + 879 — 329 = 400 psi (compression) Ans. 
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PROCEEDINGS PAPER 


Prestressed Concrete Airport Pavement 


by J. P. Mcintyre* 


A Talk presented at the 1959 Prestressed 


Concrete Institute Convention, Miami Beach, Florida 


— your last convention, an 
event has happened that may 
well rank with Philadelphia’s Wal- 
nut Lane Bridge in the history of 
prestressed concrete in the United 
States. This event I speak of is the 
first application in this country of 
prestressed concrete pavement at 
an active air base. 

In June of 1958 the Air Force 
gave the green light for the con- 
struction of a prestressed concrete 
taxiway at Biggs Air Force Base, 
Texas. This decision by the Air 
Force is of great importance to the 
Prestressed Concrete Institute. It 
opens up a vast new field for pre- 
stressed concrete in this country, a 
field that has tremendous potentials. 

Before I show some pictures of 
the construction of the Biggs Taxi- 
way, let us ask ourselves two im- 
portant questions. (1) “What are 
the advantages of a prestressed con- 
crete airfield pavement over a con- 
ventional non-reinforced pavement?” 

Savings and Advantages. 

1. Stronger pavement to 

stand increasing wheel loads. 

2. Elimination or close control of 

cracks. 

3. A 95 per cent reduction in 

number of joints. 

4. Reduction in damage to joint 

materials from jet blasts. 

5. Less maintenance. 

6. Thinner slab requiring less ini- 

tial grading. 


with- 


*Director of Civil Engineering, Headquar- 
ters, United States Air Force, Washing- 
ton, D.C. 
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7. Reduction in quantity of ma- 

terial. 

8. Better serviceability with long- 

er service life. 

The second question is: “With 
these advantages what is needed to 
make prestressed concrete competi- 
tive?” 

What is needed? 

Prestressed industry's experience 
and know-how to develop: 

1. Mass Production Methods—A 
machine must be developed to posi- 
tion and tension all the strands in a 
25-ft. lane simultaneously. Improved 
methods of creating transverse pre- 
stress in the pavement must be de- 
veloped. 

2. Promotion of prestressed pave- 
ment with its many advantages and 
savings. 

Please keep these thoughts of me- 
chanization in mind as we look at 


- el 
i —————— 
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some pictures of the construction of 
the prestressed taxiway at Biggs Air 
Force Base, Texas. 
Figure 1 

This prestressed taxiway was de- 
signed by the Army Corps of Engi- 
neers, Ohio River Division, Rigid 
Pavement Laboratory. It was de- 
signed for post-tensioning both lon- 
gitudinally and transversely. The 
thickness is 9-in. and total length 
is 1500-ft. In this view you see the 
rigid transverse conduits in place 
supported by metal chairs. A rolled 
sand base is covered with polyeth- 
ylene paper to reduce sliding fric- 
tion between the slab and the sub- 
base. This is a view of a 25-ft. lane, 
the total width of the taxiway being 
75-ft. or three 25-ft. lanes. 
Figure 2 

Applying hand tension to straight- 
en flexible longitudinal tendons. 
Each section of prestressed pave- 
ment between expansion joints is 
500 ft. with three such sections mak- 
ing the 1500 ft. 
Figure 3 

Transverse and longitudinal ten- 
dons in position just prior to plac- 
ing of concrete. Each 25-ft. lane 
contains 13 longitudinal flexible con- 
duits spaced 23-in. center to center, 
each conduit containing twelve %4-in. 
wires. The transverse rigid con- 
duits carrying 6 wires are spaced 
approximately 27-in. center to cen- 
ter. 
Figure 4 

Placing of concrete, spreading ma- 
chine in operation. 
Figure 5 

Vibrating machine being raised to 
clear transverse tubes. 
Figure 6 

The design called for an effective 
longitudinal prestress of 350 psi and 
transverse prestress of 175 psi. The 
wires were anchored at a stress of 
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168,000 psi, to meet these require- 
ments. Note the thickness of the 
9-in. pavement. 

Figure 7 

This is the 24-in. non-reinforced 
pavement constructed in the same 
taxiway. This taxiway contains three 
pavement designs: this 24-in. non- 
reinforced pavement, a 19-in. bar 
reinforced pavement, and the 9-in. 
prestressed pavement. All three 
pavements were designed to carry 
heavy bomber traffic with 265,000 
lb. gear load. 

Now let us look into the future 
of prestressed airport pavement. 
This is the Jet Age and new Jet 
Age airports are urgently needed. 
A good example of what is required 
is the Dulles International Airport, 
Washington, D. C.’s first jet airport. 
Figure 8 

This airport will have two paral 
lel runways 11,500 ft x 150 ft. and 
one cross-wind runway 10,000 ft. x 
150 ft. The total scope, including 
runways, taxiways and apron, is l,- 
196,000 sq. yd. of pavement. The 
total cost of pavement will be ap- 
proximately $7,700,000. As you can 
see, this is no small project. 

To study the effect on the pre- 
stressing industry of one contract 
the size of Dulles International Air- 
port, let us assume that the three 
runways and their respective taxi- 
ways were prestressed to 360 psi 
longitudinally and 200 psi trans- 
versely. The amount of 7/16 in. 
high tensile strand required would 
be approximately 18,000,000 ft. or 
3,400 miles. This is enough strand 
to stretch from Miami to the Swiss 
Alps. It is the equivalent of strand 
required to prestress 2600 larg 
bridge I-beams each 90 ft. long. It 
would require 1500 large size reels, 
each holding 12,000 ft. of strand. 

The Dulles Airport is already un- 
der construction. Others will quick- 
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ly follow. Many of our existing air- production methods of applying the 
ports will be expanded with longer required prestress to the pavement 
runways and taxiways. The door has are developed. When this is accom- 
been opened and the field is there plished, I predict that conventional 
to be developed. concrete airfield pavement will give 

The time to act is now. Pre- way to prestressed pavement like 
stressed concrete airfield pavement the horse and buggy did for the 
can be made competitive if mass automobile. 
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PROCEEDINGS PAPER 


Research on Fatigue and Shear 
in Prestressed Concrete 


y 
Robert F. Warner* 


A Talk Presented at the Session on Research and Development, 


1959 Prestressed Concrete Institute Convention, 


Miami Beach, 


Florida 


t is a pleasure to describe some 

of the concrete research work 
which is being conducted at Lehigh 
University. At present two main in- 
vestigations are in progress; one is 
concerned with the fatigue proper- 
ties of prestressed concrete flexural 
members, the other deals with the 
shearing strength of prestressed con- 
crete beams. In view of the limited 
time available, the main part of this 
talk will be devoted to a descrip- 
tion of the fatigue program. How- 
ever, since one of the main purposes 
of this Research Session is to ac- 
quaint everyone with the nature 
and the extent of research work 
which is currently being carried out, 
I want to first describe in brief out- 
line the shear investigation at Le- 
high. 


SHEAR FAILURE IN CONCRETE 
BEAMS. 


In the shear investigation at Le- 
high, theoretical studies have been 
made of the ultimate strength and 
of the diagonal cracking load of pre- 
stressed concrete members. Shear 
tests on approximately fifty beams 
have now been completed, and the 
results are at present being analyzed 
on the basis of earlier theoretical 
work. One of the test series was of 
especial significance in the manner 


*Research Associate in Civil Engineering, 
Lehigh University, Bethlehem, Pa. 
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in which the beams were loaded 
and the effect of reloading to a 
point near where an inclined crack 
had formed previously. These tests 
were designed to point out impor- 
tant differences which exist be- 
tween laboratory tests and field con- 
ditions. 

The final aim of the experimental 
and theoretical work is to obtain a 
better understanding of the shear 
failure mechanism, which can be 
used to develop safe, and at the 
same time economic methods for 
designing transverse web reinforce- 
ment. 


FATIGUE RESISTANCE OF 
PRESTRESSED CONCRETE 
FLEXURAL MEMBERS 

I think all of us are familiar, at 
least to some extent, with the phe- 
nomenon of fatigue failure. We 
know, for example, that a specimen 
of steel can fail in fatigue when it 
is subjected to a large number of 
repetitions of loading, even though 
each individual load is considerably 
less than the static ultimate strength 
of the specimen. It is probable that 
every construction material is sus- 
ceptible to fatigue failure and it 
is not therefore surprising that lab- 
oratory tests have indicated that 
the strength of a prestressed con- 
crete member under repeated load- 
ing can be considerably less than 
the static ultimate strength. This 
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Fig. 1 


can be illustrated by reference to 
a small series of fatigue tests con- 
ducted on prestressed concrete rail- 
way slabs. 

Figures 1 and 2 These tests were 
carried out on three pairs of beams. 
One beam in each pair was tested 
statically while its companion was 
tested under repeated loading. The 
specimens were 19 ft. long, 16-1/2 
in. wide and 18 in. deep. The pre- 
tensioning steel consisted of eleven 
1/2 in. dia. strands prestressed to 
60 percent of the ultimate stress. 
As can be seen in these figures two 
equal point loads were applied at 
the third points of the beams. 

Table 1 The test results are summar- 
ized on this table. Column 2 gives 
the static ultimate strength of the 


static test beams, A, D and F. In 
the repeated load cycles applied to 
beams B, C and E, a minimum load 
was always maintained to preserve 
the centering of the loading heads 
on the beam and the beam on its 
supports. In all three tests the value 
of the minimum load was 4 kips per 
jack. The maximum values of the 
loading cycles are shown in the 
next-to-last column, and the number 
of cycles to failure in the last col- 
umn. 

In each of these tests we can see 
that failure has been brought about 
by a cycle of repeated loading in 
which the maximum load is_be- 
tween 55 and 60 percent of the 
static ultimate load. The difference 
in strength, of more than 40 per- 


TABLE | 





Computed 
Fatigue Strength 





Observed 
Fatigue Strength 


No. of - “Min. 
Cycles Load 


Min. Max. 
Load 


Max. No. of 
Load Cycles 








4.0 33.0 
4.0 32.0 
4.0 31.4 


1,000,000 4.0 | 30.2 
1,000,000 | 4.0 | 30.3 
1,000,000 | 4.0 28.9 


1,516,000 
970,500 
954,000 
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cent, is quite large and raises a 
number of pertinent questions con- 
cerning the fatigue properties of 
prestressed concrete members. For 
example: How do we determine the 
fatigue resistance of a prestressed 
concrete beam? What is the factor 
of safety against failure in fatigue? 
What is the likelihood of fatigue 
failure occurring in a member un- 
der field conditions? 

The fatigue investigation at Le- 
high University was initiated in an 
attempt to find answers to these 
questions. 

Let us now consider the ways in 
which fatigue failure can occur in a 
flexural member. 

Three modes of failure are possi- 
ble: 

(a) Tensile fatigue failure of the 

prestressing strand. 

(b) Compressive fatigue failure 

in the upper fibers of the con- 

crete. 


Fig. 3 


(c) Progressive bond breakdown 

between the prestressing strand 

and the surrounding concrete. 
Figure 3 We know that wherever a 
flexural crack forms there will be an 
adjacent region in which the bond 
is broken; this region will extend 
as the number of load repetitions 
increases. However, in most mem- 
bers of “normal” dimensions and 
containing strand reinforcement it is 
extremely unlikely that these re- 
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gions of broken bond which sur- 
round the adjacent cracks, to cause 
a general bond breakdown in the 
beam. 

For all practical purposes we can 
assume that failure will occur either 
by fatigue in the tension steel or 
fatigue in the upper fibers of the 
concrete. It follows that, in order to 
calculate the fatigue resistance of a 
member under constant cycles of re- 
peated loading, we need two pieces 
of information. First, we must know 
the fatigue properties’ of the plain 
concrete and steel, that is, we must 
know those critical stress ranges 
which will cause fatigue failure to 
occur in the materials after a given 
number of cycles. Second, we must 
have a means of determining the 
ranges of stress which are induced 
in the concrete and steel by a load- 
ing applied to the member, or vice 
versa, of determining the loadings 
which would produce given stress 
ranges. 


Equations have been developed 
for the calculation of stresses at 
cracked and uncracked sections due 
to flexural loading, and experimen- 
tal studies have been conducted to 
determine S-N curves and modified 


Goodman-Johnson diagrams for 
steel strand and high strength con- 
crete. With this information it is 
now possible to estimate the fatigue 
resistance of flexural members sub- 
jected to load cycles of constant 
magnitude. 
Table 2 For example, in this table 
we compare the computed and ob- 
served strengths for the three fa- 
tigue test beams described earlier. 
The fatigue strengths have been cal- 
culated for one million repetitions 
of loading. 

In practice 
are very rarely subjected to the 
same load cycles, time after time. 


however, members 


or 
io 














TABLE 2 





Static 


Load 


Ultimate Min. 
Load 





Fatigue Strength 


Max. 
Load 








59.9 


55.9 





53.9 








1,516,100 
970,500 


954,000 














If for example we were to consider 
a bridge girder, the magnitude of 
its loadings would vary from cycle 
to cycle and instead of having one 
constant load cycle repeated a large 
number of times we would have 
varied cycles of repeated loadings. 
Figure 4 The question which thus 
arises, is how to treat the case of a 
beam with a load frequency distri- 
bution such as in this figure. 

Current work is centered on this 
problem and consists of an exten- 


Fig. 4 


sion of the experimental study of 
the fatigue properties of the con- 
crete and steel to deal with varied 
stress patterns. 

Figures 5 and 6 Two sizes of speci- 
mens are being used in the concrete 
program; 2 x 4 in. and 6 x 12 in. 
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Fig. 5 


cylinders. Figures 5 and 6 show two 
views of a 2 x 4 in. specimen un- 
der test in a Vibrophore fatigue 
testing machine. These tests are de- 
signed to provide information on 

(a) effect of speed of loading on 

fatigue strength 

(b) scatter to be expected in con- 

crete fatigue tests 

(c) variation in the stress-strain 

relation with number of repeti- 

tions of loading 

(d) fatigue under varied cycles 

of stress and cumulative damage 

in concrete. 

When this test program, and a 
similar test program for steel strand 
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Fig. 6 


have been completed, we hope to 
be able to determine the general 
fatigue properties of prestressed con- 
crete flexural members and to be 
able to recommend suitable factors 
of safety against fatigue failure. 
Even at present, however, the 
theory of fatigue failure developed 
for constant cycles of repeated load- 
ing is useful in a number of particu- 
lar cases and can be used to esti- 
mate the influence of the various 
parameters on fatigue strength. 


For instance it can be shown that 
the fatigue resistance of a member 
is considerably improved by the 
application of prestress. Indeed if 
the prestress is sufficiently high to 
prevent the formation of cracks in 
the member under load, then it is 
reasonably certain that fatigue fail- 
ure will not occur. It should be em- 
phasized that although fatigue fail- 
ure is unlikely to occur at working 
load in a fully prestressed mem- 
ber, fatigue considerations are im- 
portant when determining suitable 
factors of safety. The present re- 
search work, dealing with failure 
under varied repeated loadings, is 
designed to provide useful data on 
the question of the factor of safety. 
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101—Scope 

These recommendations cover the 
grouting of post-tensioning units of 
prestressed concrete members. 

The purpose of grouting is to pro- 
vide permanent protection to the 
post-tensioning steel and to develop 
the designed ultimate strength of the 
structural member. 


102—Definition of Terms 
1. Admixture—Any material added 
to the grout other than portland 
cement, water, natural or manu- 
factured sand. 
2. Cored Duct—A duct which has 
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been formed in the concrete mem- 
ber by a material which has been 
entirely removed prior to grout- 
ing. 

3. Duct—The hole or void pro- 
vided in the concrete for the post- 
tensioning unit. 

4. Grout—A fluid mixture of ce- 
ment and water with or without 
the addition of sand or admix- 
tures. 

5. Grout Hole—An inlet or outlet 
for grout, water or air. 

6. Neat Cement Grout—A grout 
without sand. 
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7. Post-Tensioning—The methoa of 
prestressing concrete in which the 
tensioning unit is placed under 
stress after the concrete has 
reached a specified strength and 
the reactive force of the stressed 
tensioning unit is resisted by the 
concrete. 

8. Post-Tensioning Unit—The pre- 
stress reinforcing whether wires, 
bars, or strands used single or in 
groups. 

9. Tendons—Another name for 
post-tensioning units. 

10. Vent Hole—Same as grout hole. 


103—Materials 


103.1 Portland Cement 

Portland cement should conform 

to one of the following: 
Specifications for portland 
nr oF ASTM C150 
Specifications for air-entrain- 
ing portland cement 

ASTM C175 

Specifications for portland 


blast furnace slag cement 
a ee ree ASTM C205 
Specifications for portland- 
pozzolan cement..ASTM C340 


103.2 Sand 

The sand should conform to that 
section of specifications for Con- 
crete Aggregates—-ASTM C33 re- 
ferring to Fine Aggregates except 
that paragraph 3—grading should 
not apply. 


103.3 Water 

The water used in the grout 
should be potable, clean and free 
of injurious quantities of sub- 
stances known to be harmful to 
portland cement, aggregate or 
prestressing steel. 

103.4 Admixtures 

Admixtures should not be used un- 


til shown by service record or by 
tests to have no harmful effect on 
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prestressing steel or concrete. Ad- 
mixtures containing chlorides or 
nitrates should not be used. Alu- 
minum powder of the proper fine- 
ness and quantity or other ap- 
proved materials should be added 
to obtain a maximum of 10% ex- 
pansion of the grout when meas- 
sured unconfined. If fly ash is 
used it should conform to ASTM 
C350. If pozzolonic material is 
used it should conform to ASTM 
C402. 


104 Ducts 


104.1 Forming 

(a) Cored Ducts—Cored ducts 
should be formed with no con- 
strictions which would tend to 
block the passage of grout. All 
coring material should be _ re- 
moved. 

(b) Formed Ducts—Ducts formed 
by sheath left in place should be 
of a type that would not permit 
the entrance of cement paste. 
They should retain shape under 
the weight of the concrete. The 
material used in the sheath should 
not cause electrolytic action or 
decompose and it should transfer 
stresses as required. Metallic 
sheaths should be of a ferrous 
metal. 


104.2 Grout Holes 

All ducts should have grout holes 
at both ends. For draped cables 
all high points should have a 
grout hole, except where cable 
curvature is small, such as in con- 
tinuous slabs. For ducts which 
have reverse curves, either hori- 
zontal or vertical, and which con- 
tain tendons made up of a number 
of parallel units, of either strand 
or wires, consideration should be 
given to the desirability of placing 
a grout hole near each tangent 
point. 


i9 

















104.3 Duct Size 

For cable type units (tendons 
made up of parallel wires or 
strands) duct area should be 60% 
larger than the cross sectional 
area of the tendon. Where parallel 
wires are definitely grouped and 
held in a definite position for the 
full length of the tendon, this does 
not apply. 

For bar units or large individual 
strands the inside diameter of the 
duct should be a minimum of 4” 
larger than the diameter of the 
tendon. For certain construction 
schemes practical tolerance re- 
quirements may require consider- 
ably larger ducts. 

105 Equipment 

105.1 Mixing 

(a) The mixing equipment should 
be of a type which would produce 


uniform thoroughly blended grout — 


with a maximum of air entrap- 
ment. 

(b) Accessory equipment such as 
scales and liquid measures should 
be provided to accurately batch 
all materials. 

(c) The mixer should be of such 
capacity that in combination with 
the pump hopper a complete duct 
can be grouted without interrup- 
tion. 


105.2 Injection 

(a) A pump should be used to pro- 
vide the pressure and volume re- 
quired for grout injection. Injec- 
tion of grout by compressed air 
(pressure pot) is not recommend- 
ed. 

(b) The hoses, valves and fittings 
should be water tight and of suf- 
ficient strength and capacity to 
handle the pressure and volume 
required. 


105.3 General 
All equipment should be kept 
clean and in good working order. 


106 Mixing 


(a) Water should be added to the 
mixer first, followed by portland 
cement, fly ash, admixture and 
sand as required. 

(b) Mixing should be of such dur- 
ation as to obtain a uniform 
thoroughly blended grout, with- 
out excessive temperature in- 
crease. 

(c) No water may be added to the 
grout to increase the flowability 
which has been decreased by de- 
layed use of the grout. 

(d) It is essential that the water 
content of the grout should be 
kept as low as possible. The wa- 
ter content should generally be 
less than 5% gallons per bag of 
cement. 


107 Placing 


(a) The duct should be cleaned of 
all foreign material prior to grout- 
ing. All ducts should be flushed 
with water or blown out with air. 
(b) All grout should be screened. 
Injection should be continuous 
from one end and should continue 
until grout of a consistency equiv- 
alent to that injected should flow 
from all vent openings. The vent 
openings should be progressively 
closed in the direction of flow. 
(c) In the event of a blockage or 
a disruption of grouting, all grout 
should be removed from the duct 
by flushing the duct with water 
or air. It is advisable that a de- 
pendable high pressure water or 
air supply be available when 
grouting. 

(d) After the entire duct is filled, 
all vents and openings should be 
closed and the grouting pressure 
at the injection end should be 
raised to a minimum of 100 psi 
and held for a minimum of 10 
seconds. 

(e) Upon removal of the injection 
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equipment after (d) has been com- 
pleted, the injection hole should 
be plugged to prevent the loss of 
grout. 

(f) Agitation should be required 
in the pump hopper if bleeding is 
evident. 


108.2 Compressive Strength 

The grout should have a minimum 
compressive strength at 7 days of 
2,500 psi. Specimen should be 
cured in the molds approximately 
24 hours, then stored and tested 
according to ASTM Designation 
C-109. Specimens should be mold- 


ed in 2” cubes. 


108.3 Trail Mixes 

Prior to grouting the trial mixes 
should be made to determine a 
mix which will meet the require- 
ments 108.1 and 108.2 for the an- 
ticipated grouting temperatures. 


109—Cold Weather 


109.1 Storage 

Ducts should be kept free of wa- 
ter to avoid damage due to freez- 
ing. 


109.2 Concrete Temperature 
At the time of grouting the tem- 
perature of the concrete should 


be 45° F or higher and main- 
tained at this temperature until 
job cured 2” cubes reach a mini- 
mum compressive strength of 800 


psi. 


108 Testing 


108.1 Plastic Volume Change 
(a) There should be no shrinkage 
of the grout while in the plastic 
state. 
(b) Grout for the volume change 
determination should be taken di- 
rectly from the mixer immediately 
after completion of mixing. 
(c) The container for volume 
change determination should be 
watertight, of constant cross-sec- 
tion and should maintain its shape 
during the period of testing. It 
should be not less than 12” high 
and between 2” and 3” in diam- 
eter. 
(d) The volume change determi- 
nation should be as follows: 
Volume Change (%) = 


8 


x 100 
h 
where: 
h = grout column height at 
the time of casting 
h, = grout column height af- 


ter initial set 

















DISCUSSION 
by W. G. Corley* 


The Apparent Modulus of Elasticity of 
Prestressed Concrete Beams Under Different Stress Levels 


by 


W. N. Lofroos and A. M. Ozell 
(PCI Journal September 1959) 


he authors have compared the re- 

sults of their tests covering a 
90-day period. with the recommen- 
dations of the ACI-ASCE Joint Com- 
mittee 323.1 These recommenda- 
tions are to be used to design 
structures for a useful life of a great 
many years. Troxell, Raphael, and 
Davis point out that one may expect 
only about 55 percent of the 20-year 
creep strain and about 56 percent 
of the 20-year shrinkage strain at the 
end of 90 days.? They go on to 
*Graduate Student in Civil Engineering at 
the University of Illinois, Urbana, Illinois 
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say that the creep strain at 90 days 
may range between 40 and 70 per- 
cent of the 20-year creep and the 
90-day shrinkage strain may range 
between 40 and 80 percent of the 
20-year shrinkage. 

Since only slightly over half of 
the 20-year creep and shrinkage may 
be expected in 90 days, it appears 
unjustified to compare these test re- 
sults directly with the Joint Commit- 
tee recommendations. Furthermore, 
because of the possibility of large 
variations in the ratios of 90-day 
creep to total creep and of 90-day 
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Grandstand Play! 


NO VIEW-OBSTRUCTING PILLARS 
IN PRESTRESSED CONCRETE STADIUM 


(Right) With soft underlying mud limit- 
ing foundation soil pressure to 500 psf, 
shell concrete footings were used over 
gravel to distribute load. 


( Spartan Stadium is an example of what can be accomplished with 
modern methods and the most modern of structural materials—pre- 
stressed concrete. And once again, Incor®—America’s first high early 
strength portland cement—was voted ‘“‘most valuable player.” 


The structure was assembled from precast, prestressed concrete units, 
drawn together by high-tensile-strength cable. Its slender appearance be- 
lies its ability to withstand earthquakes, 87-mph winds and as much as 
95 tons of snow. 


The structural frame was composed of eleven “‘F’’-shaped units, each 
consisting of a slanted “‘backbone’”’ column, a saw-toothed diagonal seat- 
supporting beam, and a cantilevered roof beam. All of these members 
were precast and prestressed—pre-tensioned on casting beds, and post- 
tensioned in assembly. Erected by crane, they were joined together with 
steel cables which were tensioned by hydraulic jacks to forces as high 
as 200 tons. 


Seats were formed of prestressed L-shaped units placed on the saw- 
toothed members, and the roof consists of thin prestressed slabs resting 
on cantilevered beams. 
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shrinkage to total shrinkage it ap- 
pears risky to attempt to confirm or 
refute the Joint Committee recom- 
mendations on the basis of extrapo- 
lations from 90-day tests. 


In their conclusion 3, the authors 
correctly point out that there appears 
to be no definite relationship be- 
tween the “Apparent Modulus of 
Elasticity” and the cylinder proper- 
ties. This points out the disadvantage 
of using an “Apparent Modulus” to 
determine the time-dependent defor- 
mations of a prestressed concrete 
beam. The “Apparent Modulus” is 
as much a function of loading and 
prestressing as it is of time and of 
the material properties of the beam. 
The use of an “Apparent Modulus” 
for the computation of time-depend- 
ent deformations in a prestressed 
concrete beam ignores the stress his- 
tory of the concrete in the beam. 
Since the change in concrete stress 
may be rather large over a long pe- 
riod of time, it is important that the 
stress history be considered. 

A preferable approach to the an- 
alysis of time-deformations in pre- 
stressed concrete beams is either the 
“Rate of Creep” method or the “Su- 
perposition” method. The “Super- 
position” method was first described 
by McHenry in 1943.* The develop- 
ment of the “Rate of Creep” method 
cannot be attributed to any one per- 
son but is well described in an ar- 
ticle by Ross in 1958.4 These two 
methods of analysis take into account 
the stress history of the concrete in 
the beam. Basically, each method 
relates the time-deformation rela- 
tionship of concrete under a constant 
stress to that of concrete under a 
variable stress. If the time-deforma- 
tion properties of concrete under a 
constant stress can be related to the 
cylinder properties, the time-defor- 
mation of a prestressed beam can be 
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predicted. 

There are a large number of vari- 
ables which affect creep and shrink- 
age. At present, there is no entirely 
satisfactory way of taking the many 
variables into account. It is there- 
fore necessary either to determine 
the time-deformation properties for 
the particular concrete to be used in 
the beam by special tests or else to 
make a reasonable estimate of the 
range of these properties. 

The beams tested by the authors 
have been analyzed by the writer 
using the “Rate of Creep” method. 
The results of this analysis are pre- 
sented below. 

For simplicity, it has been as- 
sumed that creep, shrinkage, and re- 
laxation all have the same relation- 
ship to time. The shape of this 
relationship has been taken as that 
found in the tests of reference (2): 

A = log. (t+1) (a) 
where: A = fraction of the total creep, 
shrinkage, or relaxation 
K = slope of the curve on a 
semilogarithmic plot 
t = time in days 

The magnitude of the shrinkage 
strain at the end of two years has 
been taken to be 300x10° and the 
magnitude of the relaxation was tak- 
en as 4% of the initial steel stress. 
The creep strain at the end of two 
years was estimated to be twice the 
instantaneous strain. The instantane- 
ous modulus of elasticity was taken 
as that recommended by the Joint 
Committee:' 

E = 1,800,000 + 500 f’. (b) 
If it is assumed that the above 
amounts of shrinkage, relaxation, 
and creep take place in 2 years, 
equation (a) becomes: 

A = 0.152 log. (t+1) (c) 

Using the above assumptions, the 
time-dependent deformations were 
computed and plotted with the test 
results. The results for beams 1 and 
2 are shown in Figure 1 and the 
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EXPERIENCE -the Important Ingredient in 
CF«I Prestressed Concrete Strand and Wire 


Years of wire drawing experience have 
earned for CFal a reputation as a leading 
producer of top quality wire. In manufac- 
turing Prestressed Concrete Strand and 
Wire, CFal calls on this depth of experi- 
ence. The result: another dependable prod- 
uct for the construction industry. 


CFal Prestressed Concrete Strand — For 
pretensioning of prestressed concrete struc- 
tures. Made to ASTM A-416, this 7-wire 
strand is stress relieved after stranding to 
improve its elastic properties and assure 
uniform, high tensile strength. 


CFal Prestressed Concrete Wire — For 
post-tensioned concrete structures. Made to 
ASTM A-421, this wire has excellent elastic 
and uniform mechanical properties. It will 
lie flat and straight when uncoiled, which 
makes it easy to work and handle. It is rec- 
ommended for either Type BA (Button) or 
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Type WA (Wedge) anchorage methods of 
post-tensioning. 

For prompt delivery to any location across 
the country, call the nearest CFal office. 
Ask for CFal’s new series of folders on 
steel products for the Prestressed Concrete 
Industry: W-202 (Strand); W-209 (Wire); 
and WWR-806 (Fabric). 


Other CFalI Products for the Prestressed 
Concrete Industry — Clinton Welded Wire 
Fabric ASTM A-185 * CFal Concrete Re- 
inforcing Bars and Rods ASTM A-15 - 
CFal Wire for Concrete Reinforcement 
ASTM A-82 * CFal Hard Drawn Pre- 
stressed Concrete Wire ASTM A-227 (Pre- 
stressed Concrete Pipe) * CFal Hard Drawn 
Prestressed Concrete Wire for Redrawing 
(Prestressed Concrete Tanks) * Cal-Tie 
Wire * Wickwire Rope and Slings 


, vas COLORADO FUEL AND IRON CORPORATION STEEL. 


Sy 
WS PRESTRESSED CONCRETE STRAND AND WIRE 
\ 


In the West: THE COLORADO FUEL AND IRON CORPORATION — Albuquerque * Amarillo 
H Billings * Boise * Butte * Denver * El Paso * Farmington (N.M.) © Ft. Worth © Houston 
Ii) E43) Kansas City © Lincoln © Los Angeles * Oakland * Oklahoma City * Phoenix * Portland 


ity © San Francisco ¢ 


San Leandro * Seattle * Spokane * Wichita 


In the East: WICKWIRE SPENCER STEEL DIVISION — Atlanta * Boston * Buffalo * Chicago 


Z Pueblo * Salt Lake Ci 


Detroit * New 


Orleans * New York * Philadelphia 
CF&l OFFICE IN CANADA: Montreal « CANADIAN REPRESENTATIVES AT: Calg 
Vancouver * Winnipeg 
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FIG. 1. COMPARISON OF MEASURED AND COMPUTED DEFLECTIONS 
FOR BEAMS 1 AND 2. 








—— MEASURED 





2 


ho 60 80 
TIME - Days 








FIG. 2. COMPARISON OF MEASURED AND COMPUTED DEFLECTIONS 
FOR BEAMS 3 AND 4. 
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results for beams 3 and 4 are shown 
in Figure 2. It can be seen from 
these figures that the rate-of-creep 
method gives consistent results with 
only one set of assumptions for the 
material properties. This results from 
the fact that it takes into account 
the stress history of the concrete as 
well as the cross sectional properties 
of the member. 
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ings V. 54, March 1958, pp. 739-758. 


Closure by Author 


A. M. Ozell* 


Mr. Corley’s discussion and com- 
ments on the paper are interesting. 
Particularly his comparisons of the 
empirical values with the test re- 
sults as presented in his Figures 1 
and 2 are noteworthy. 

In the original paper the intention 
was not to make a comparison of the 
90-day test results with the values 
given in the ACI-ASCE Joint Com- 
mittee 323 recommendations except 
to point out that the value of E as 
recommended by the Joint Commit- 
tee seems to be high. 

It is agreed that concrete shrink- 
age and creep undoubtedly contin- 
ue significantly for long periods of 
time. However, the apparent modu- 
lus is primarily a function of creep 
only, since the apparent or sustained 
modulus for a constant sustained 
stress is defined as 

eas en tn 

1+C 
where C is the ratio of creep strain 
to elastic strain. But in the case of 
the prestressed beam, the sustained 
prestress force is not constant since 


*Professor of Civil Engineering, University 
ofFlorida, Gainesville, Fla. 
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concrete creep tends to reduce cam- 
ber growth by contributing to the 
loss of prestress. In addition, con- 
crete shrinkage increases the loss of 
prestress. 

Tests show that camber growth 
reaches a maximum value. relatively 
early (say about 100 days) and that 
the apparent modulus of elasticity 
for prestressed concrete beams will 
also reach a limiting value at that 
time. 

With regard to Mr. Corley’s state- 
ments referring to the need for con- 
sidering the stress history, the meth- 
od of using measured camber versus 
time relationship for determining 
the apparent modulus of elasticity 
for prestressed concrete beams auto- 
matically takes this account. 

More comprehensive tests con- 
ducted at the University of Florida 
recently, on beams of similar dimen- 
sions as in the original series, have 
brought out additional information 
which will soon be published. It is 
hoped that through such efforts a 
better understanding of the behav- 
ior prestressed concrete members 
will be accomplished. 
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The Martin P. Korn Award 


Past President Peter J. Verna presented a bronze plaque to Col. Martin P. 
Korn at the Fifth Annual PCI Convention. This plaque symbolized the 
establishment of the annual Martin P. Korn Award. 


The Martin P. Korn Award of the Prestressed Concrete Institute was established 
at its Fifth Annual Convention at Miami Beach in honor of Martin P. Korn, first Executive 
Secretary of the Institute. This Award will be presented annually to the author of the 
best paper published in the PCI JOURNAL. 


COMPETITION RULES 


I Competition for the Martin P. Korn Award is restricted to members of the Institute. 


II The Award consists of $100.00 in cash, with an appropriate engraved certificate. 
In case of more than one author, the cash will be divided, but each will receive a 
certificate. 


III All original papers presented to the Institute by members in any grade, and published 
in the JOURNAL during the year for which the Award is given, are open to the 
Award provided that such papers have not been previously contributed in whole 
or in part to any other associations, nor have appeared in print prior to their 
publication by the Institute. Papers written jointly by members and non-members 
are not eligible. Papers to be considered for this year’s Award are those that appear 
in the December 1959, March, June and September 1960 issues. 


IV The Award, with certificate, is awarded to the author, or authors of a paper which 
shall be judged worthy of special commendation for its merit as a contribution to 
the advancement of prestressed concrete. The ceremony conferring the Award will 
be held at the 1960 PCI Convention in New York City Sept 27-30. 
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205 W. WACKER DRIVE, CHICAGO 6, ILLINOIS 


MEMBERSHIP QUALIFICATIONS 


SCHEDULE OF DUES 


Any reputable individual, firm or corporation engaged in the prestressed concrete in- 
dustry or the precast concrete industry as a manufacturer, supplier, architect, engineer, 
technician or student, shall be eligible to apply for membership in the Institute. 


Any person who possesses the qualifications for membership as Professional, Affiliate, 
Junior or Student member, but who is employed by a non-member firm eligible for 
Active membership, shall be ineligible for membership in the Institute. 


ACTIVE: See Schedule 

on Application 
A person, firm or corporation engaged in the manufacture of prestressed Blank 
concrete or precast concrete. 


ASSOCIATE: 


A person, firm or corporation engaged in a business or industry allied 
or related to the manufacture of prestressed concrete or precast concrete. $250.00 


PROFESSIONAL: 
Any person who is a registered architect or engineer, or any person who 


is deemed by the Board of Directors to have abilities or standing equal 
to the above qualification. 


AFFILIATE: 


Any person who is a skilled technician or has a great interest in the 
prestressed concrete industry or the precast concrete industry. 


JUNIOR: 


Any — who is a graduate of a recognized institution and has re- 


ceived an architectural or engineering degree and who has taken his 
first architect’s or engineer’s examination but who has not yet become 
registered. 


STUDENT: 


Any person who is enrolled in any recognized institution studying for an 
engineering or architectural degree. $ 10.00 


(For student members outside continental U.S., Canada included) $ 12.00 


Members receive the PCI JOURNAL, a quarterly technical publication, and PCI Items, 
a monthly news bulletin, without additional cost. 
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APPLICATION FOR MEMBERSHIP IN THE PRESTRESSED CONCRETE INSTITUTE 


(A non-profit corporation) 


| am applying for membership in the classification checked: 
[] ACTIVE (producer). 
Engaged in the following types of prestressing: 





Post-tensioning 
ACTIVE MEMBERSHIP DUES (annually) 





Pretensioning . - 
Based on Annual Prestress Business 

Combination of both enmericesiraean santana - 
$250 for $ 100,000 or less $650 for $1,500,001 to $2,000,000 
350 for 100,001 to 500,000 750 for 2,000,001 to 2,500,000 
450 for 560,001 to 1,000,000 850 for 2,500,001 to 3,000,000 
550 for 1,000,001 to 1,500,000 950 for 3,000,001 to 3,500,000 





On-the-job post-tensioning 


On-the-job pretensioning 





$100 additional for each additional $500,000 








Precasting ___Design 





[] ASSOCIATE (related business). Membership Dues: $250.00 annually. 
| am in the business of: — EEE 


[] PROFESSIONAL (registered architect or engineer). Membership Dues: $25.00 annually. 
| hold Certificate No __ ___of the State of-_ 
[_] AFFILIATE (non-professional personnel). Membership Dues: $15.00 annually. 
[_] JUNIOR (limited to architects and engineers in training). Membership Dues $15.00 annually. 


[] STUDENT (limited to students of accredited schools of architecture or engineering). 


Name of School _ - ad 





Membership Dues: $10 annually. Outside continental U.S.A. including Canada: $12 annually 


ACTIVE 
NAME OF COMPANY APPLYING FOR ASSOCIATE MEMBERSHIP 


ADDRESS 
2) See ; tea : STATE 
NAME OF REPRESENTATIVE IN INSTITUTE AFFAIRS 


APPLICANTS FOR PROFESSIONAL, AFFILIATE, JUNIOR AND STUDENT MEM- 
BERS PLEASE FILL IN BELOW: 


NAME ce a eae ce 
YOUR MAILING ADDRESS__- 

>. a ; jee tdci acnpnienscaileinesackackeas hak OES 
COMPANY AFFILIATION. POSITION 


DOES COMPANY MANUFACTURE PRESTRESSED CONCRETE? 





Date Signature__ 





Make no payment until application is approved. Dues will be prorated from 
April 1 for all classifications. 
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NOW - 
STRIP a 
NNTB) | 
RESET FORMS 
FASTER THAN EVER BEFORE 





mW 1960 Form-Crete steel forms feature easier stripping, more handling speed, 
on [f= [ RETE longer service 


Time is what you save when you cast pre- 

stressed members with FMC’s new line 
of steel forms for 1960. Time in terms of faster 
stripping, faster resetting and fewer man hours 
per job. FMC has introduced many refinements 
to the pioneer line of steel forms, refinements 
that make them now, more than ever, the way 
to cast—at a profit. New form-lock for fast and 
perfect alignment, and new tilt back-designed 
forms for quick product removal are only a few 
of the features that make Form-Crete forms 
your best bet. Clip the coupon and get the full 
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FOOD MACHINERY AND CHEMICAL CORPORATION 
Form-Crete Department - Lakeland, Florida F 


Gentlemen: Please send me your latest catalog on Form-Crete form 


Putting Ideas to 


Form-Crete Department 


FOOO MACHINERY 
AND CHEMICAL 
COnProRATION 


General Sales Offices: Lakeland, Florida 


story from your local Form-Crete man now! 





FOR USE with any acceptable 
type of prestressing in cur- 
‘ent practice, the Form-Crete 
Bridge Beam form complies 
with joint P.C.1.~AASHO—rec- 
ommendations. Form lengths 
in 10 foot sections, combina- 
tions up to 60 feet. 


HOLLOW PILINGS are easily 
cast in these octagonal piling 
forms by use of tubing and 
piling headers. Unique tilt 
back design permits fast, easy 
product removal, cleaning and 
oiling of forms. 


CHANNEL FORMS, with pat- 
ented form-locks, which allow 
sides to flex for quick and easy 
removal of product. Self-con- 
tained channel understruc- 
ture insures extra rigidity and 
strength in this outstanding 
form. 


FORM-CRETE LEDGER BEAM 
FORMS provide fast, accurate 
casting of roof support beams 
Riser blocks can be employed 
to vary depth of beam; forms 
are lock-up type with rein 
forced self aligning pilot liners 
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PRESTRESSED DOUBLE TEE ELEMENTS 


100 FRAME CURTAIN WALL 
LE FLOORING 




















Architects and Engineers: Reid Rockwell Banwell 
and Tarics, San Francisco; Prestressed Concrete 
Fabricator: Basalt Rock Co., Napa, California. 


PRESTRESSED CONCRETE CALIFORNIA 
SCHOOL QUALIFIES FOR STATE AID 


«BROUGHT IN Al 


30,000 INDE w LOVABLE BUDat! 


This is the Mango Avenue Intermediate School, 
Sunnyvale, California. It has met the require- 
ments for low-budget schools as determined by 
the Department of Finance, State of California. 
Heretofore, 90% of the schools meeting this 
requirement were constructed mainly of wood. 


Simplification of the structural elements 
helped, in large measure, to bring this struc- 
ture within the requirements for state aid. 
Basically, the structural elements consist of 
prestressed concrete beams, columns, wall 
panels and double-tee roof sections (see iso- 
metric detail above). 


The benefits brought to this structure by pre- 
stressed concrete can be applied to almost any 
kind of structure you can name. This includes 
garages, motels, office buildings, bridges, hos- 


pitals, shopping centers, plants and warehouses. 


Roebling has played a significant role in the 
development and promotion of prestressed con- 
crete; in the manufacture of the finest wire and 
prestressing strand available and in the com- 
pilation of data on design methods and ten- 
sioning techniques. We will be happy to share 
this experience and information with you. May 
we suggest that you contact the prestressed 
concrete fabricator in your area or write 
Roebling’s Construction Materials Division, 
Trenton 2, New Jersey. 


Branch Offices in Principal Cities 
John A. Roebling's Sons Division 
The Colorado Fuel and Iron Corporation 


ROE BLING Gh 











